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Snapshots of Science. Epwin E. SLOSSON, xvi, 
299 pp., illustrated. $2.00. New York, 1928. 


Recent applications of science to industry and agri- 
culture; contributions of chemistry to medicine; 
novel inventions and how they affect daily life, and 
many other reprints of fascinating articles by Dr 
Slosson which have appeared during the last three 
years 
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WHEELER. xxvi, 217, xi pp. $6.00. 
1928. 


The author tells about the peculiariti 
of the wasps, ants and other insects, but 
entomologists who study them. Most of 
ters have appeared in various scientif 
The paper on Leptothorax emersoni h 
written and expanded. - 





An Outline of Physics. A.tspert Epwarp CAs 
WELL. xiv, 773 pp. $4.25. New York, 1928. 


After many years of study and experiment, the 
author has adopted for this book a new mode of 
presentation which seems to make the subject matter 
of physics more vital and more stimulating. 


The Psychology of Abnormal People with edu- 
cational applications. JoHN J. B. MorGan. vii, 
627 pp. $3.75. New York, 1928. 


The purpose of Professor Morgan's book is to aid 
the reader to an understanding of the more common 
weaknesses in human nature to the end that char- 
acter and personality deformities may be avoided. 





The Frog: A Laboratory Guide. WaLpo SHum- 
WAY. viii, 67 pp. $.90. New York, 1928. 


A clear manual of dissection for this important 
laboratory form The terminology follows that in 
Holmes tiology of the Frog, revised edition, 1927 
Following the anatomy of the adult frog come sex 
tions on histology and embryology. 





Archimedes or the future of Physics. L. L. 
Wnuyvter. 83 pp. $1.00. New York, 1928. 


In this new volume in the “ To-day and To-mor 
row Series” the author points out how Physics, 
Biology and Psychology are now all converging upon 
the problem of life itself and how Physics has 
reached the borderland of metaphysics. 


Wild Animal Pets. Witiiam Lovett FInuey and 
IRENE FINLEY. 311 pp., illustrated. $3.00. New 
York, 1928. 


The author, as state biologist and game-warden, 
has lived daily with the life of the wild, and his 
opportunities for observation have been unexcelled 
These charming sketches are the fruit of all his long 
observation and experience 


Die Geschichte des Atlantischen Ozeans. Her- 
MANN VON IHERING. vii, 237 pp. 9 maps. $4.25. 
Jena, 1927. 


The book attempts to gather and critically analyze 
all material available regarding the history of the 
Aflantic Ocean. Chapter eleven treats on the history 
of the flora of Patagonia and throws some interest- 
ing side lights on Wegener's theory. 


Theoretical and Experimental Physi 
istry. J. C. CrRocKerR and FRANK 
viii, 581 pp. $6.00. New York, 1928 


A comprehensive treatment, stressing 
perimental foundations of the subject 
abstract theory. The book is unusua 
and up-to-date in its discussion of rec: 
ments in the field of physical chemistry 


Handbuch der anorganischen Chemie 
Baenden. HERAUSGEGEBEN VON R 
Volume IV, 3, I. xii, 522 pp. 50 f 
tables. $12.00. Leipzig, 1928. 

This new volume of “ Abegg” contains 
gase” by Dr. E. Rabinowitsch. It is tl 
tion of the eighth group of the period 
The next section: Iron, will follow soon 
lishers hope to complete the work within 
tively short time 


Bryan, the Great Commoner. J. S. | 
pp., illustrated. New York, 1928. 


The author sees the Great Commoner 
ing dramatic figure that grew out of 
welter of events of the last thirty years 
tween Saint George and Don Quixote 








Reclam, Praktisches Wissen. Herau 
unter Mitarbeit erster Fachgelehrter. 
pp. 948 illustrations, 42 plates. $5.0 
1928. 


This large volume is a popular enc) 
present-day knowledge. It is divided i 
chapters, beginning with astronomy and 
of relativity and ending with a chapter 
build one’s own home. 





Culture and Social Progress. Joseprn |! 
SOM. ix, 558 pp. $3.00. New York, 19 


This volume is an outgrowth of the autho 
that there is a growing demand among st' 
other young readers for a straightforward s 


| of the new morality which is slowly taking 


the minds of thinking people 





Psychology for Executives. A study of humaz 


nature in industry. E.uiorr DUNL« 
xiii, 262 pp. $3.50. New York, 19238. 


The book aims to supply executives w 
understanding of human nature. It is w: 
plain and simple terms and contains hel! 
illustrative cases drawn from the author’s ex 
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THE WASTING HERITAGE OF THE NATION 


By HUGH HAMMOND BENNETT 


BUREAU OF CHI STRY ALND SOILS, 


I 
Soi. wastage by erosion is the most 


SP? 


ous problem relating to land utiliza 
tion in this country. It is the direct 
“ause of the distressing financial eondi- 
tion of thousands of farmers struggling 
with lands enfeebled or worn out by rain 
was Crop surpluses, with their de 
pressing effect upon prices of farm 
products, come and go; but land impat 
ment by erosion 1S a costly evil that 
stays. Indeed, it is a problem which 
with the prevailing absence of national 
concern about it, is growing steadily 
It affects nearly all sloping areas 
over most of the uplands of the nation, 
and there is but little upland which is 


worse, 


without slope. Even the areas that seem 
flat to the eve 
slope for rain-water to flow off the fields 


Wherever this happens 


usually have sufficient 


and pastures. 


is some washing away of the soil. 


there 


The removal is slower on the smoother 
lands, and the effect is less serious on 
some lands having peculiar resistance to 
With increasing slope the 


transporting and eroding capacity of 


the process. 
running water is greatly enlarged, since 
the load flowing water is capable of 
carrying, and also the abrasive effect, in 
creases enormously with the velocity. 
We sometimes hear farmers and even 
scientifie agriculturists say, ‘‘ Erosion is 
ta problem in our locality.’’ In some 
ces it is not a very serious problem, 
to be sure; but in many other localities 
ere it is believed not to be operative 
all, much damage is actually being 


= FE oO} 


clone In time the cumulative effeet o 
soilwash becomes paintfu . 
spots of unproductive clay and ¢ sed 
bedrock and as fields from se su ( 
the entire soil has been stripped off. The 
hideous vullies t t mat sé ) 
so many localities represent the more 
vaneed and spectacular wort eCToOslol 
and, althoug something nh exeess ol 
thirteen m lhion acres ol ormerly « ilt 
vated land in this country ve been p 


manently ruined for farming purposes 


by gullving, this form of devastation 


constitutes but a small fraction of the 


Wwastavt 


It is sheet erosion that is doing most 
damage to ow arm lands nha ovel 
grazed pastures. By this process ( 
surface of the ground is gradually planed 
down more or less equally at all points 


Every eavy rail and evel tive sHowers 


of springtime strip from the cultivated 
land sheets of soil matter. and this f1 m 
the surface, the richest part the fields 
If, after a fall of rain, on wks. on 
sees wherever there 1s cultivated nd 
over-grazed land water flown iCTOSS 
1 e slopes and dow) the Pills di pl 
not clear but discolored or turbid w th 
soll materia vat ered trom t 
side. This coloring matter rep ss 
much soil and soil fertility gone I 
nity, so lar aS the areas when eame the 
material are concerned 
I] 
Abnormal soil washing, with the he!p- 


ful assistanee of man, is doing more dam 
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THE WASTING HERITAGE OF THE NATION 


LAND DESTROYED FOR CROP USE 


NEAR CONTACT OF THE PIEDMON 


age to the agricultural lands of the 
nation than all other processes, both nat- 
ural and artificial, combined. The writer 
is conscious of the fact that this state- 
ment covers considerable territory, being 
fully cognizant of the large amounts of 
plant food lost from the soil by the 
leaching of rain-water and by the crops 
removed, and that in past time voleanoes 
have poured over the earth sheets of 
molten lava; that earthquakes have 
eaused mountainsides to crack and go 
down into valleys as vast, destructive 
landslides; that coal strippers and gold 
diggers have churned up many acres in 
search for hidden wealth; and that many 
other activities of man have despoiled 
Nevertheless, the 
damage done by rainwash greatly ex 


the ground surface. 


ceeds the combined effects of all these 
other activities of both man and nature. 
More than eight tenths of the area of 
the United States is underlain by sedi- 
mentary deposits; that is, rocks and un- 


consolidated strata composed of material 


that was washed, largely or entirely, 
rom older land areas, some of which 
ive been completely effaced from thi 
earth. These water-formed beds are 

usands of feet in thickness. It is not 


UNRESTRAINED EROSION 
AND B E RipGE MOUNTAIN 


| ; ; 


uncommon to drill into them more that 
four thousand feet for oil. Through the 


eons of geological yy riods ft] 


if rocks ol 
ages have decayed to give the material of 
our soils, and from the very beginning 
rainwater impinging against these detri 
tal products have torn them asunder and 
distributed them to the seas to form new 
land areas of coastal marsh and sub 
merged continental shelfs. The gashes 
this instrument has cut are utterly be 
yond caleulation. Some parts of the Blue 
Appalachian 


System have been hewn down through 


Ridge Mountains of the 
thirty housand feet of decayed rock and 
eroded soil, or ten times their present 
height. 


Longe before the ancients beean t 


build temples to the sun, Mother Nature 


Was bus\ fashioning such sup rb ex 


amples of rock architecture as the Grand 
Canyon of the Colorado, Victoria Falls 
and the Magotes of Western Cuba. Man 
ean not hope to match these structures of 
Nor should there bi any de- 


sire to match them, for they are the 


destruction 


products ot tearing down processes. 
Krosional work of this kind represents 
the accumulated effect of slow geologic 


processes that always have been active 
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THE WASTING HERITAGE OF THE NATION 


y 


ways will be, ine X rably abradit uv 
and soil in striving to level dow) 
rth’s surtace. 
evertheless, man has entered vers 
ely upon the task of assisting natur Yout 
the work of land destruction. by LID W IS¢ 
vating unprotected and excessively Stee} 
» slopes, hundreds of thousands of 
miles have been brought to e¢om 


ruin throughout the world, and 


ter areas have been s¢ riously im 
d by unrestrained rainwash. Solid 
and sterile, gullied slopes frow: 
wn from stripped uplands over vast 
is of China and Asia Minor. Unwis 
atment of sloping land by the farmers 
the past has so restricted the area 
na’s arable land that hordes of hg! 
ders have been driven into the valleys ie Giull 
New 
their remaining soil upon terraces built present m 
} 


like seaff lds along the sides ot h lls ana 
! 


With the best possible ulli 


ior sustenance, or foreed to husband irom 


mountains. 
zation of the remaining soil, famines are 
continually reeurring upon that dis 

bed part of the earth’s surface. In upon 


some parts of the world wastage of fer land 











HIGH PIEDMONT PL 
HERE THE SOIL IS ERODING SO RAP! 
SELVES. THI 
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If we continue to twiddle thumbs and 


warn our brothers not to be stam peded 


by the wailing of those apostles and 


prophets, who, brimming with enthusi- 


asm or pessimism, recurrently wave red 
flags of fear and point to direful dan 


| 


gers lurking around the corner, then we 


of to-day are going to be the recipients 


of much tongue-lashing by our children 


a few generations hence. Already such 


blasphemy is to be heard in many parts 


of the country. Down in the southern 


Piedmont, for example, where ninety 


an oeeasional strip temporarily k 
Bedros 


a thousand plac . 


tween expanding gullies. 
been exposed in 
brief, this area has been so com 
devastated over most of its extent 

not be reclaimed to cultivation unti 
turies of rock decay have restor 
soil, and it has only moderate va 


tree growth. 
lV 


Too te w are cones rned about lar 


struction of this nature, even whe 





SHOWING 


CAUGHT BY A LOG OBSTRUCTION IN 


farm 


single 


thousand acres of formerly good 
land have been destroyed in a 
county, serious-minded citizens speak 


vehemently of the shameful land prac- 
tices of the farmers of one, two or three 
generations ago, not to mention some of 
those who, still operating, call themselves 
farmers The 
ninety thousand acres that stare them in 


soil miners. 


instead of 


the face, a grinning skeleton of land that 


could have been saved, is not a guess. 


The area was studied in detail by ex- 


perienced soil scientists and its outlines 


carefully plotted on a government map. 
land having 
value, save for 


It was classed as gullied 
no further agricultural 


EROSIONAL 


A STREAM OF 


DEBRIS 
WESTERN NORTH CAROLINA. 


pointed out that this wasted Piedm 
area is but one of a vast number of s 
larly eroded areas throughout the co 
try, many equally bad and others wor 
If a 
country 


nation should invade 


ninety 


foreign 
and thous: 
acres of land, the nat 
would hasten to spend twenty bill 


destr¢ \ 


who doubts 


dollars to redress the wrong or as m 
billions as might be necessary. T 
rainwater was the agency of destruct 
too many people look upon the situat 
with indifferent complacency, regard 
it as regrettable, perhaps, but as an 
avoidable natural eventuality. 


It can be avoided. Not with this ] 
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BLUE RIDGI 


ATTEMPT CULTI 


ULTIVATION ON THE 
AS A CRIMINAL ACT 
ON THIS STEEP BLUE RIDGE SLOPE, EVEN 


RE IS NO MAN-MADE LAW AGAINST THE FO 


ticular tract; no, that is permanently 
lost. But this kind of can be 
prevented, if we Other 
can be saved by 
means. This 
through the 


wastage 
largely will. 
areas, not vet destroyed, 
other 
abundantly 


terracing and has 


been proved 


southeastern states, where thousands 
farmers have kept their slop 


productivity 


energetic 
ing fields in good state of 
for more than 
practice of hillside terracing, 
contour embankments. 

In another county, of the 
seventy thousand acres of former 
gullied beyond re- 


two generations by the 


a system ot 


coastal plain 
region, 
been 


rich soil have 





VIEWING THE REMNANTS OF A WASTED 
FARMSTEAD IN THE PIEDMONT 


HERITAGE OF 


a hundred 


AcCTOSS \Jississ pp ‘ 


THE NATION 
pair. In 

stood Lorty 

deep now 
hundreds of acres of la 
wood soll. reclamat 
human ine 

In the 


Brown Loar It 


fiOn OF LOCSSI 


That follows alo 


; \ , nD? 
Tie ISSISSIDD i! 


Baton Rouge, Louisiana, 


Tt Hnnessce 











>) GRAIN SOIL IN NORTHEAST 


KANSAS 


western Kentucky, and onward far uy 
the Missouri 


counts 


and its tributaries, county 
ten, 


which 


includes 


thirty thousand acres 


destroved gullving and sheet erosio) 


In some of the more southerly counties 


hi Cl 


and 


nave 


of this region agriculture has 


largely driven out ot the uplands, 


many tracts of rich alluvial soil 


beneath a blanket of com 


flood 


heen bu i d 


paratively inert sand deposited by 
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CHANNEL-TRENCH EROSION 


ABOUT TO DESTROY A GOOD GRAZING VALLEY IN THE ARID SOUTHWEST. 


rated as swamp land having littl 


Stream channels have been 
erosion-débris, and over- for Some streams 


merly navigable, have been 


water 
choked with 
flows have become so exceedingly com- 


mon that large tracts of highly produe- 


tive alluvium, formerly tilled, are now 


any purpose. 


SO 


with sand and mud they can no lo 


be plied by boats 

















FIELD NEAR RALEIGH, N. C. 
FORMERLY BADLY WASHED AND UNPRODUCTIVE, 


THIS EXCELLENT LD, 
BY TERKACING. 





THE WASTING 


HERITAGE OF THE 


NATION 








SHEET EROSION 


THIs 


kK. N. Lowe, state veologist of Mis 
sissippi, has this to say of the situation 


In many of our northern uplands, wes 
soil is progressing so rapidly, wit 
hindrance over large areas, that 
adopted 


+ 
1 soon 


_ 
b. 


Sone 
vy measures must he 0 
ie process, otherwiss vast areas of torme! 
gricultura! 


Lar 


of north-central 
reached such a condition of soil de plet ol 
they are now hardly suitable for 
agriculture, 


lands will become opel 
— 


at le a dozen upland 
Mississipp 


« rer ‘ ? a 
ge areas in as ‘ 


} 


i have 


any 
and thei 
luced according! : 


The 


taxable values 


erosion of these upland 
} 


is kk 


Yin enormot mses of Va 
soils. but also in concomitant 
a | 

throughout these areas. Volumes 
sad, after every heavy shower ai 








ASHED 








CROPS SMOTHERED 


SLOPES. 


FROM ADJACENT SHEET EROSION 
CONTRO! rt} 
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EROSION IN THE TRANS-PECOS COUNTRY OF TEXAS 


THIS STARTED IN A PLACE WHERE CATTLE REMOVED A E GI 


In the black belt of Central Texas, one classed as eroded land whose produ 


of the greatest cotton-producing regions value has been ve ry seriously im} 


of the world, white areas representing or practically destroyed. 





the basal chalk and marl beds dot the 
landseape of the rolling sections. These \ 
are the product of erosion. They consist Let’s not get the notion that the 
of non-arable land that has taken the ing away of valuable farm land 


place of some of the most productive cot- stricted to the southern states. 
In one eounty The government soil experts w] 


ton soil known anywhere. 
13.5 per cent. of the entire land area was cently completed a land survey 





PROTECTING THE BOTTOM LANDS IN KANSAS 
THE MAN IN THE BACKGROUND IS STANDING ON A TERRACE 8 FEET ABOVE THE 
IS EXTREMELY PRODU‘ 


MAN IN THE 


GROUND, WHO STANDS ON MISSOURI RIVER BOTTOM LAND. THE LATTER 


SOIL OF THE WABASH SILTY CLAY LOAM VARIETY. THE TERRACE IS THE RESULT OF A DYKI 
ABOUT 10 YEARS AGO TO INTERCEPT THE EROSIONAL DEBRIS SWEEPING DOWN FROM THR NEA 


LESS | 


UPLANDS. THE FARMER OBJECTED TO HIS RICH BLACK BOTTOMS BEING COVERED BY 
DUCTIVE WASH FROM THE HILLS. THIS FILLING-IN TOOK PLACE OVER 40 ACRES AT THE RATI 
1.200 TONS PER ACRE PER YEAR. IT ILLUSTRATES HOW VERY RAPIDLY SOIL MATERIAL IS 
REMOVED BY RAINWASH, AND, ALSO, THAT NOT ALL OF IT PROCEEDS IMMEDIATELY TO TIDI 
PHOTOGRAPH TAKEN ON OCTOBER 17, 1927, NORTHERN DONIPHAN COUNTY, KANSAS 
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REPRODUCTION 
HE VALLEY OF VIRGINIA: A 


county in northeastern Kansas found 

at an average of at least six inches ot 
soil had been removed from the uplands 
of the county, where the predominant 
soils are silt loams, highly productive 
types, as valuable for the growing of 
corn and wheat probably as any upland 
Known to man. 

Nearly all tilled slopes of this county 
were found to have suffered, some much 
more severely than others. In one part 
of this area that was examined by the 
writer in the fall of 1927, a tract of 
original timber was seen, which had 
from one to two feet of extraordinary 
rich silt loam soil overlying clay. This 
was so abundantly supplied with dark 
humus and so mellow and permeable it 
was easy to dig down with the bare hand 

the depth of the subsoil. Outside the 


mber on the same degree ot slope the 


me soil in most places had lost all the 
rilace material down to the clay, and 
many places six Inches or more of the 
soil itself had washed away. Indeed, 
tches were found where both soil and 





OF 


GOOD ¢ 


subsoil had departed, lea 
exposed. One valley was found 
actual survey to have lost from « 
forty inches of soil ove 
its upland area sine clea 
years ago In apple orchards on 
wasted lands the trees were making no 
growth, or were dying, as the result ¢ 
exeessive loss of moisture on the su 
baked clay in times of drought 

Near the Kansas-Nebraska — ling 
apple orchard was seen in the bottom ot 
a beautiful valley where the trunks « 


the trees had been e m plete ly buried by 


silt washed down from the adjacent hil 
sides and ridge crests. The raised sui 
face of the ground stood among the 
branches oft the trees, five 1 t above thi 
original level of the orchard. The 


owner said the trees had shown no ev 
dence of damage by The deposition 
‘But the trees were doing nicely befor 
this washed-in material was leposited 
about them; they needed no more soil 


The soil is needed very badly lp) there 


on the thin slopes where it came from 
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PIEDMONT GULLY IN ANSON 
COUNTY, N. C. 
ALMOST FILLED BY EROSION-ARRESTING PINES 
ON FARM OF Dr. J. H. BENNETT, WEST OF 
WADESBORO). THIS IS AN EXAMPLE OF WHAT 
SHOULD BE DONE ON MANY THOUSANDS OF ACRES 


OF LAND IN THE SOUTHERN STATES. 


Close by this orchard a gully is ad- 
vancing at a minimum rate of one 
hundred and fifty feet a year. This is 
seventy-five feet deep, three hundred 
feet wide in places and nearly three- 
fourths of a mile long. It is destined to 


destroy all the farm land in this fertile 


valley, and its diverging trenches un- 
doubtedly will cut to pieces the adjacent 
highlands. 

Many valleys in the youthful agrieul- 
tural country along the Missouri and its 
tributaries have undergone the same or 
similar vicissitudes. As a result, fields, 
and in some instanees entire farms, are 
being abandoned. Sheet erosion is grad 
ually thinning down the gentler slop Ss 
far back from the river. In many places 
twelve or fifteen miles from the Missouri, 
numerous wheat and alfalfa fields seeded 
in the fall of 1927 were severely dam- 
aged during a single period of autumn 


rains. 


Each 


depression 


made 


seed drills was converted into a 


or small gully, while the wheel tr 


the seeder rapidly grew into ugly d 


Most of the young plants wer 


\ 


out of the ground and forty tons 


an 


slopes. 


ac 


re were 


The only 


earried off 


instance 


the 


obse I’ 


several Missouri and Kansas. count 


this 


region 


where 


a 


farmer had 


anything to check the wastage w 


of a series of wheat-straw 
the bass 


a depression at 
(one 


ing slopes. 


+ 


of these 


; 


+. 
Sle 


stacks 


iChs 


eaught and held four hundred and 1 


tons of soil which had been washed 


from the near-by slopes during thi 
That sort of 


period referred to. 


however, can searcely be 
a real effort at soil conservation: 


eonside re 


place to hold the soil is in the fields 


not in the valleys after it has left 
fields. 


There 


this region, as a rule. 


are 


soil Sa\ ing 


te! 


erally do not even know what 


‘Tac 


The farmers 


4] 
rhe 


Practically nothing is being done t 








VIRGIN 


THE s 


INCHES 


IN 


MUS 


rHE 


BEEN W 


ON 


rH 


DEEP 


AND O 


WEED 


TIMBER 
KANSAS 


28 HERI 


OVI 
F SI 


PAT 


ASHED OFF 


SAMI 


Sol 


BY 





IN NORTHEAS1 


LT LOAM TEXTI 


CHES 


DOWN 


ALL THI 


rO THE Cl 


AND SLOPE AS 


rHE 


FOREST. 


rol 


AY, 


THAT 
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THE EFFECT LLYING 

RMER SPLENDID VAI ING LAND OF FAI 
HAD ITS BEGINN 

| 


lone to hasten its loss, such as W here t 
up-and-down the follow 1 eontoul 
**mid tice 


serve the soil; whereas a very great deal tion and 
s being rainwate! 
ylowing corn rows 
slopes, thus forming gutter-like v 
dles’’ to serve as ditehes for concentra 





} 
> - 
Fe eae 
, A 


i Pu. 











COAST EROSION 


AN EXAMPLE OF 
SOUTHWEST WINDS CUT BACK THE SHORI 


COAST, AND IN DOING rRoy! 


SO, DEST 


‘O WEEKS OF 
OF THE GULF 
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ARID 


WHICH ONCE AFFORDED GOOD GRAZING FOR GOATS, 


DEN\ VEGETATION. OVER 
THE 


rHE 


DED THEM OF LARGE 


rO BE SEEN. LAND IS SIMPLY A 


GRASS IS 


STROYED PART OF EARTH, AS GHASTLY 


Almost in- 
into deep 


of the inter-row depressions. 
variably these furrows grow 
gullies that divide, capture and render 
useless for cultivation field after field. 

This neglect of the land to the unceas- 
ing impoverishing effects of erosion is 
the rule, not the exception, throughout 
the entire central and upper Mississippi 
is not restricted to the Mis- 
souri River area by any means. 

VI 


reasonably 


Jasin. It 


One that 
erosion is of negligible importance in the 
the not 
the for many 
Beeause of certain 
such as the common tendeney for the 
the drier regions to erack or 


crumble into a loose, fluffy condition on 


might suppose 


west. Such is 


localities, at 


dry regions of 


ease, least. 
soil peculiarities, 


soils of 
drying, é¢rosion is exceedingly severe in 
many parts of the west, even in desert 
areas. 
In 
and 
places were 


Texas 
numerous 
where 


the cattle country of west 
eentral New Mexico, 


observed recently, 
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OVER-GRAZING AND EROSION 
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4 SUN-BAKED SKELETON 


deep rich valley soil, representing 
had 
out largely or wholly, leaving behin: 
The 


destruction or 


accumulation of been was 


ages, 


absolute waste. washing 
the 


pairment of these valuable grazing | 


causes extreme 
usually has its beginning in those pl 
where the vegetation has been rem 
and the ground surface broken, as 
cattle trails and bedding grounds, 1 
ways, diversion ditehes and prairic 
towns. In one valley area of the D 
Mountain region of west Texas a t 
sand acres of former good grazing |! 
found to 
pletely destroyed as the result of w 


was have been almost « 
ing started in a prairie-dog town, \ 
had eaten 


ground punctured with holes. 


the vegetation been and 


Large grazing areas of the west |! 


suffered seriously from erosion ind 
In to 
growing menace to the W 
Chapline, the range expert of the F 


by overstocking. regard 


ranges, 


Service, says: 
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became neeessy 





haek 


PLANTING RUBBER TREES IN 
SUMATRA 
EXCAVATED TERRACES. SOME OF THE RUBBI 
NTATIONS OF THE EAST INDIES TAKE BETTI 
OF THEIR LAND THAN MOST OF THE FARM 


ERS OF THE UNITED STATES. 


As early as 1890 range grazing lands weré 
stocked to their capacity, while some were al 
ready overstocked. The continued overstocking 
ver numerous areas reduced the carrying 
pacity, both by cutting down the quantity of 
forage produced and by increasing erosion of 
the productive surface soil. Reduction in 
grazing capacity necessitated decreasing the 
numbers of livestock, with resulting excessiv: THOROUGH DISSECTION OF A PIEDMON 
per head investments in lands and improvements COUNTY BY DRAINAGE LINES 
ind uneconomic production. Furthermore, the 
rosion has carried millions of tons of silt from 


the trees, wherever the deposit 


an a toot thick, and to 


the grove where it was 


+ ; 


said to have cost a hundred thousan: 
dollars, or twelve hundred dolla 
acre, to re medy the distress 
hich was brought about 
ot a singl rainy period 
not stand another sueh di 
! — r owners see it. And there 
, , ae" ee 2 es” other farms in many othe 
STAND OF SHORTLEAF PINE nation that will not be abl 





ABANDONED FIELD IN EAST TEXAS. THIS IS cost if we do not do a great 


BEST CROP FOR SOME MILLIONS OF ACRES OF than we have done in the past 
EROSIVE LAND IN THE SOUTH. the evils of erosion. Writing 
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THE EROSIONAL WORK OF ONE RAIN 
1.€., WASH-OFF OF SURFACE SOIL MATERIAL FROM VERY MILD SLOPE AT THE SPUR STA’ 
SHOWN IN PILES ON WHITE CLOTH OF FOREGROUND, LEFT TO RIGHT: FIRST, FROM BARE-( 
PLOT, WEEDS REMOVED WITHOUT DISTURBING THE SOIL; SECOND, FROM GRASS PLOT; THIRD, 
GRAIN-SORGHUM PLOT; FOURTH, FROM COTTON PLOT. EROSION ON THIS 2-PER CENT. 


AMOUNTED TO FORTY TONS OF SOIL MATERIAL PER ACRE WITH TWENTY-SEVEN INCHES OF RAIN 


wastage, Mr. G. E. Martin, of the Okla- Putting the matter in more tai 


homa extension service, says: ‘‘The loss terms, in pounds of plant food wast 


constitutes a most serious drain upon the and in values with the dollar mark 
agricultural industry.” It is very un- fix, it is found that the value ot 
likely that any other industry could plant food contained in the soil was 
suffer such severe losses and survive.’’ out of the fields and pastures ot 
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SOIL-SAVING FIELD TERRACES 
IN THE PIEDMONT OF NORTH CAROLINA. ON SOME SOILS THESE SOIL CONSERVATION EM 
MENTS CAN BE CULTIVATED OVER ABOUT AS WELL AS ANY OTHER PART OF THE FIELD. 
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States every vear, chietly from 


mer, exceeds two billion dollars 


hasis of chemical analy ses Of the 


the country, and the value 
neipal eonstituents phosphorus, 
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n and potassium) carried 


rs 


st forms of commercial fertil 


s sum there is evidence that at 


two hundred million dollars repre 


+ 7 


a tangible. annual loss to the 








GULLIES IN THE **BROWN LOAM’ COUNTRY 


SUME COUNTIES IN THE EXTENSIVI \ND IMP 
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ESS SO COUNTRY, THAT EXTENDS 
URE HAS BEEN LARGELY DRIVEN OUT 
VE RIPPED TO PIECES VAS AREAS Of 
ERRACING THE GEN 
OF EROSION IS THI 


*LETELY DESTROYIN( 
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LF OF MEXICO. HOW 


SILOWING 
rit 

bill 
agricultural lands in terms of plant food 


HEAVIER 


words, the annual bathing of our 
exceeds the net loss in the crops taken 
off by more than twenty-one times. 
These figures are derived from mini- 
mum ot 


upon the amount of suspended matter 


estimates soil wastage, based 


delivered by the rivers to tidewater each 


vear, plus a small part of the soil ma- 


terial washed off sloping areas and tem- 
It 
is known from analysis of river waters 
that a five hundred and 
thirteen million 
matter and of two hundred and seventy 


porarily stranded en route to the sea. 


minimum of 


tons of suspended 


SANDY 
SANDY SUBSOIL MATE! 
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LOAM SOIL 


LAI 


SOIL IN DITCHES 


million tons of dissolved matt: 
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transported from coi 


States to the oceans. T 


vearly 
United 
Sissippl alone takes care of fou 
dred and million t 
this traffic, in solids alone. 


twenty-eight 


To those familiar with field con 
be 


small; 


ree 
but 


diseussed here. 


will 


Ogi 


this 


these estimates 


being absurdly 


need not be 


Vill 


By catching and measuring the 


and washoff from a 


was found at the Missouri Exp: 





GRENADA SOIL OF 


RUINED BY WASHING. THE TOP-SOII 


THEN RAPID LATERAI 
rO INFERTILE 


LAYER, 


THROUGH CLAY 


GRADUALLY 
WASHING TAKES PLACE, 
THAT 


NORTHEASTERN MISSISSIPPI 


DOWN TO THE COMPA 


WASHES OFF 


AND FINALLY THE COMPACT MATERIAI 


BAKES ALMOST LIKE ASPHALT. 


moderate slo} 


rly 
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average © 


soll materi: 


hat tor an 
re Tons ol 
acre 


and tl} 


annually from on 


(i four ine CS cle D: 
nt. of the rainfall, amounting 
mately thirty-six in 
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m. was absorbed From 
me soll and S1ODeC, COV 
a litt e less Thal 


| matter was removed 
‘ale per eent. ot the ral 
In other words, 
1 and 


one hundred 





HILLSIDES 
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ERODED 


DONIPHAN CouNTY, KANSAS, 
HE DARK PATCHES OF MIDDI 
{ER IS SUCCEEDING } 


COVERING STI 


ry 


Sas mueh soil as thi 
wut 29 per cent. more o 
ter that fell upon the ground 


of erosion would cause the removal 


seven-inch layer of soil from land 
of this kind, tilled four inches d , on 


i 
ft 
! 


hereas the removal 


nty-four years; wl 


same thickness from areas und 


3.047 vears 


ss would require wroug 
\t Spur, in subhumid western Texas t 
for the purpose 


Upor 


riments ¢ maduected bined extent 
the possibilities ol the W orld 


tol 


determining ) 
ng moisture in the subsoil 
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writer owls 


hen the mellow tOpsoll Is gone, with he hoed and plowed e 


+ 


valuable humus and nitrogen. that mellow loam. from w 


hieh takes its place usually consists oO} particle of the topsoil ha 


} 


} 


raw subsoil material. often. stiff Clay off down to the elav subsoil. 


This is less productive, less permeable all that has been done to save 


to plant roots, less absorptive of rain To produce as much cotton } 


ess retentive of that which is these fields former] vAVve, 

















NATIVE AGRICULTURE, PHILIPPINE ISLANDS 


EVERY V1 E OF USABLE LAND EMPLOYED FOR GROWING RICI 


absorbed. The exposed raw subsoil, from six to eight hundred poul 
now called upon to function as soil, fertilizer per acre, as against tv 
must in countless instances be improved — three hundred pounds before the so 
for plant growth by incorporating with on its journey to the sea And t ~ 
it vegetable matter and by loosening the happened upon neighboring farms 
compact material with inereased tillage merely in an oceasional field, b 
to allow ingress of air, that agent whiel most of the fields. It has also hap) 
in neighboring counties and in n 


with its supply of oxygen is so necessary 
for the conditioning of soil. Often Ing states, 


X 


are required for satisfactory yields, and So long as rain falls upon the 


largely increased amounts of fertilizer 


lime is needed to correct acidity or there is going to » soil erosion 
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HEAD-ON EXTENSION 
EROSION 


KEEP GULLY 
TYPE OF 


{ process 
llowever, 


not conecrn ourselves wit 


washing that takes 


m forested lands, provided 


type ol 
these are 


vergrazed and repeatedly burned ; 


need there be much worry about 


well covered with such as 


Grass, 
which matted the prairies and much et 


the eastern plains region in the central 


RITAGE OF 


NATION 





part of the United States about two 


generations ‘7 before these vast 


ago, tf 
broken to establis| ou 


The 


with 


areas were 
cy il 
the 


animals, exceeds the 


wheat and corn belts. 
that 
and 


part ol 


assis 


which, 


erosion is 
tance of man 
natural order of things by upsetting thi 
normal equilibrium between the ground, 
hand 
cover and other stabilizing agencies, on 
hand. It is the 


washing that has followed the r 


on the one and the vegetative 


the other CXEESSI1VE 
mova! 
1 grass, trees and bushes, and the cul 
tivation of steep slopes and lands of ex- 
without 
the 
in plac 


ssive vulnerability to washing, 
king provision for assisting dis 
rbed bare soil to hold itself 
t must be dealt with, if the 
to be checked. 

\s a 
es exceedingly little about the mat 


wastage 


nation we have econeerned our 
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SANDY OVERWASH 


) 


referred to merely as illustrations of thi further than to say that soil m 
way nations having abundant resources this process, bad as it often is, is 


use them freely, and too often with little small item compared with the ope 


thought about conserving them beeause’ of the other evil genius that we 


the otner way IS easl I’ and because to designate soll erosion. And. 
habits gene rally are not corrected over shouldn't overlook the fact that 
night. We have aceepted land wastage take out of the soil only the plant 


by erosion as something on the order Ol whieh ean be re stored ; whereas 
a natural process, even where its rate has lain, wrathful water, takes t 
been increased several hundred times by food and the soil that contains th 


our own handiwork. We have in pro food. wh ch can not he restored 
found economie diseussions referred, 
rial Matias ae ola XI 

otten with ¢ isplay of heated coneern, to 

the removal of plant nutrients from the The erosional-débris discharge 


land by the long continued crowing ot streams does not diminish thei Vi 
the same crop as an evil deserving the The suspended matter, the d 
wicked names, ‘‘soil mining’’ and ‘‘soil matter and the drag material r 


robb ry + We shall not object to this down the beds of the rivers in waves 





ROADSIDE CEMENT GUTTER 
PARTLY FILLED WITH EROSIONAL DEBRIS, AND BEING UNDERMINED BY EROSION, OJAI 
CALIFORNIA, 
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subsequent 
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NTAIN SLOPE AND VALLEY AREAS 
Cos! MICAN HIGHI 
FOI 
PRACTICALLY 
SE OF THE HIGH 
ACTI 


nd-dunes, most of which comes from nrohlons 

rroblem 
tilled lands, abandoned fields and over ten 
}? ‘ ‘ 


rrazed pastures, adds to the volume of 


= Te! 
loodwater very considerably This ri 
obvious mathematieal truth. 
A feature of utmost importance in 
s connection Is the large ly increased 
ite at which water flows off those areas 


; 


it have had their absorptive mellow 





topsoil washed off down to Impervious 
vy, rock on incomplete ly weathered 
subsoil material. This, coupled = wit 
e er sional débris swept into stream 


annels, has been the cause of increase: 


oods In many rivers, of inereased 


swampiness over vast areas of bottom 


and and of CXEE ssive surtace ce p sition 





of comparatively infertile sand, grav 
ind eobbles over productive alluvial 
plains and lower slopes. 

Thus erosion works in the quadrupk 
role of increasing the amount of sedi 
ments discharged into the streams: of 
reducing the agricultural value of the 
roded uplands; of damaging or ruining 
alluvial bottoms by overwash and by 





increased swampiness; and of causing 


ra 


THE BEGINNING OF 


nwater to flow off impervious washed GULLIES 


areas much faster than formerly. This 
1 serious indictment of the process 
But it is none too serious. and unless we 


very much more in the future to 
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HILL 


HERE IS TERRIFIC, 


SLOPE NEAR 


EVERY 
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YEA 


ISION 


WASHED FRO HESE BARE PLAt¢ 


HERI 


VEGETATIV! 


rO THEIR DECIDED INJURY. 


SOME SOIL-HOI 


DING 


FIRES HAVE 


known 
the Man- 
type, are highly effective as 


is 


But it 
embankments, 


Save of them. 


that 


gum 


some 
broad ot 
terrace 
conservers of both soit and soil moisture 


In many In the 


parts of the country. 


less ST er ply sloping fields these embank- 


COVER 
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NTA PAULA, ( 
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ALIFORNIA 
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ES 


AND SWEP'! 


IS A 
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OVER THI 


SU TED 


ments «an be cultivated over ab 


easily as any other 


part of the 
There will be, however, 
slope, soll and climate where other 
of embankments must be resorted 


effective results, 


conditio 


and no doubt it w 
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DRIVEN OUT OF 
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AGRICULTURE HAS BEEN THE 


BY EROSION. GULLIES AND BROAD WASHES HAVE 


AREAS OF GOOD SOIL ARE L 


UPLANDS OF SOME 





UPLANDS 
COUNTIES IN THE 


rO PIECES 


LOESSIAI 


SO CUT THE LAND THAT ONLY 8) 


EFT IN MANY LOCALITIES. 





THE WASTING HERITAGE OF THLE NATION 
sary under some conditions to r 
ee these with grass or vines or else 
sort to expensive wall-terraces, suc 
ve saved much land in the Medite: 
in Basin and in Palestine for mor 
two thousand vears 
ferraces are very practical things 
vy ean be constructed with plows, 


pes and drags at those times of thi 





when farm work is not pressing 

ey function much after the manne 

ol iedge-rows and fenees 1n eatehing an 
holding soil and moisture coming 


slopes above. Being adjusted 





and soil and having the form ot 


embankment. They are much more 


cient, as a matter of course. They must 
he laid out correctly, however, ol costly 
will occur. Farmers ean b 

county 

tural agents, latter 
been taught how to do it themselves, and 
that is what is being done in many parts 
of the south. 

For several generations terracing 
land has been a common practice on 
many tarms in the southeastern states 
At the present tim they ar being built 
ata rapid rate in Texas and Oklahoma 
In the former state five hundred thou 
sand aeres of land were terraced in 1927 
under the leads rship of one hundred and 
seventy-five county agricultural agents 
The 1928 program for Texas ealls for 


the terracing of one million aeres. 





Even the Federal Land Bank, of 
Houston, has its terrace expert. If 
farmer asks for a loan on his land, thi 
expert looks over the eround to see if it 
needs terracing. If it does. the work 
must be attended to before the loan is 
made. If the farmer doesn’t know how, 
the expert goes out and shows him how 
to do it. 


Chambers of commerce. knowing t 


} 
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that 

good yields and productive lands usually 

mean farm prosperity and that pros 

perous farmers mean prosperous com- ever, 

munities, are very actively pushing this races. Some t 

ethod of land conservation in Okla readily for cultivation 
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DESTROYED 


LAND PERMANENTLY 
, TuHIs Is 


BY SHE! AND (¢ LY EROSION 
SUSQUEHANNA , GULI COASTAI 


PLAIN, A ULIARLY SUS 


SOIL WHICH IS. PE 

IVE EROSION. 
be tilled under any circumstanees. In 
the Appalachian Plateau fields are still 
being the 
that but from one to three crops can be 


cleared where farmers know 


erown before the soil washes away. 


XII] 
We need to know more about erosional 
As measured 
washing on three im- 
farm the hun- 
We do 


not even know as yet at what degree of 


have 
but 


soil ot 


processes. vet we 
the 
portant 
dreds of types in the country. 


rate ot 


types ot 


slope cultivation should cease and the 
land be put into use for grass or trees. 
We They are 
fundamental and to both the 
engineering and agronomic side of hand- 


must have these facts. 


necessary 


ling the problem of land conservation. 
When the what to do 
they will act. 


farmers know 
They must have assis- 
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tance and demonstration of metho 
done to insure the employment \ 
methods only, methods duly adjus 
varying slope and soil for all the 
tant types of farm land. Terracir 


will pay its ow 


11 be understood. 


many times over when the farmers 


been brought TO know Wi! 


economically protec 


how to do tne job efficiently 


engineering means of land prot 
must be sought in order that gullies 
be stopped and filled and that the 
tist 


upon Wi 


failed, m 
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SOLIS, 


vulnerable 
slopes terraces ave 
trees must be 
on the 


less stable solls. and crop rotations 


Grass and 


saved. 


extensively grown steeper 


be practiced that inelude soil-impro 


and soll-saving eTasses and legun 








PROVIDENCE 


MILES WEST F LUMPKIN, G 


SEVEN 


GULLY STARTED FROM THI dt 


Now 


LAND, 


THIS 


THE BARN IS GONI 


THIS GULI 


IN PLACES 
DEEP. IN 


SLICE OF 


THAN ONE HUNDRED FEET 


OCCURS SEVENTY THOUSAND A 


WHERE I 


FORMERLY TILLED LAND HAVE BEEN 


EROSION. 

















THE WASTING HERITAGE OF THE NATION 














\RLY STAGE OF LAND DESTRUCTION 


OSION ON LAND Of} STIFI ( \\ 0 





YP! 


Finally, we may as well recognize thi 
act that the evils of erosion are not a 
matter for future concern only. Thou 
sands of farmers have suffered and are 
w suffering from the impoverishing 
ffects of rainwash upon the soil 
better lands have already been put into 
ericultural use; we are now taking up 
the inferior grades. Erosion is adding 
0 the area of submarginal and de 
stroved lands. By increased use of fer 
tilizers and soil-improving crops and 
with more expensive tillage and aban 
donment of the more severely washed 


fields, acreage yields have been fairly 








well maintained in many farming r 

Zions. But the increased cost has FORMERLY GOOD FARM 
brought financial ruin to many farmers 
The viewpoint of business men as to 
importance of the problem is 


arly revealed in the report of the 


| 
Business Men’s Commission on Agricul 


ture given in a recent publication of the 
National Industrial Conference Board. 
Which says in part: 
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\ 
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especially if 
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vy cheerful picture of our 1 individual « 
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SHARK FISHING IN THE WEST INDIES 


By O. W. BARRETT 


OF A 


Or beautiful leathers there is no end, slands, 
it none better, it seems, than shagreen. — gin 


several centuries the bookbinders money in installing a moe 


eurriers have recognized the exce! 


th expensive equipment 


qualities of shark-skin leather, but also projects under way 


in the last few vears has the VC lishment ol several othe) 


public had an opportunity to get Porto 


Rico, Santo Domin 
British Virgin Islands 
which are now made from the hide ot Most of these West Ind 
that much hated denizen of the deep. 


e handsome purses, bags and = shoes 


probabl 
So many improvements have been — the 


made in the modus 0 pt rand oft catching 


sharks and in utilizing their by -products 


that the outlook for considerable com 
ereial expansion in that branch of in Ihe 


dustry is how assured, enee Ih several tropilea 


Florida has had two or three success t) 


' 
1S, by eves Ti 


ul shark-fishing stations for several will be 


Pound most eeonomle 


ears, and some desultory fishing has  buildine 


oeated within ene 
heen done in various West Indian hoats 


and so situated that 1 
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AN UP-TO-DATE SHARK FACTORY 


THE HIDE HOUSE IS AT THE RIGHT, AND THE OIL AND MEA’ 
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THE TWENTY-SEVEN YOUNG OF A THIRTEEN-FOOT HAMMERHEAD SHAR 


1! 


on the part of the public can be made to the plant and st them at 
on account of the odors which some- ate prie just enough to pay 
times are objectionable near such a trouble; the hides are stripped 


plant ; the fishermen bring their sharks salted down: the fins are remo 








Courtesy of I D. Be 
A YOUNG MANTA 
OR DEVILFISH, TWELVE FEET IN WIDTH. THE RIGHT CEPHALIC FIN HAD BEEN LOST, PRESU) 


IN A BATTLE WITH A SHARK THE SHARK BOAT, PIER AND LANDING DERRICK AT Rep Hoot 


THOMAS, ARE IN THE BACKGROUND 
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f ofrd 


HEAD NOTE THE NOSTRII 
FLAPS 


dried in the sun; the livers are rendere« 

preferably by the bain-marie system o 
steam-jacket kettles. The plant ean 

ardly lose any money on the hides, fins 


and oil obtained by this system ; and 11 





‘Ireumstances so warrant the plant may 
gradually expand its operations, install 
ing a drving oven for utilizing the flesh 

the sharks and other fish, both for 
human consumption and for poultry 


pig feeds ; putting out its own nets 
nd 
ana 


trawl lines in addition to buying 


sharks and other marine materials from 
+] 





e fishermen would follow in this elas 
tle poliey of operation. <A plant could 
be run with only two or three laborers 

ul one superintendent to give a part 
of his time to the enterprise ; or the 
me unit could be expanded into a fae 


ry turning out a ton or more per day TWELVE-FOOT GRAY SHARK 


fish meal besides a hundred dollars’ WRONGLY CAI I I : Nort 
worth of hides, fins and oil. 
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GREEN TURTLES FOR SHARK BAIT AT 


\ SHARK PLANT 


able circumstances, likes the work of 


‘*dressing’’ a fish herself Prepared in 


this way the major portion of the edible 


the larger food fishes ean be 


saved and put into form for long- 
distance shipments, the price of these 
dried or trozen cutlets more than equal- 
ine the value of the entire fish as ordi- 
narily placed on the market. The skin, 
fins and heads when digested in an 
autoclave yield glue, for which there is 
always a fair demand; the remainder of 
the fish dried and ground becomes high- 
grade poultry feed or fertilizer. 

Every shark plant will, of course, 
have its pressure cooker for extracting 


the oil from inedible species of fish and 











A TYPICAL WEST INDIAN SHARK BOAT 





from fish refuse: it will 


heads, elaspers and _ tail 

which are now wasted 

farmer likes to have even 1 per ¢ 
cil in his fertilizer, although, of « 
a little does more good than 
promptly used in poultry feeds 
this connection it is interesting 


that eod-liver oil 


has proved to | 
‘*missing link’* In poultry raising 
to a few years ago there was som: 
lacking in the poultry feeds, 1 


spoonful of the oil every few d 


the pan of mash serves to keep 


vigor of the towls. 





150-POUND LEOPARD 
FOOD NO 


SEAT 


There are hundreds of suitabl 
around the Greater and Lesser Ant 
to say nothing of the Caribbean 
Gulf Coasts of the mainland, w 
from three to six sharks on an ave 
may readily be taken every day 
vear without materially affecting 
supply. 

There is no more attractive work 
the industry would not only giv 
ployment to a very deserving class 
people but would probably vield he 
profits on the capital invested 
would any other similar enterpris 

In the Sulu Archipelago of the s 
ern Philippines there are several p 
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where Moro fishermen make a good liv- 
ing merely by taking the fins of certain 
species Of sharks and drying them for 
the Chinese trade. In some of the Are- 
tie regions the Eskimos also do well at 
catching sharks simply for the oil of 
their livers, and this system has been 
juplicated in various other regions, 
notably off the West Coast of northern 
America, where the basking 
shark may be taken at times in large 
numbers, each fish yielding from forty 

over one hundred gallons of oil from 


South 


the large liver. 
other localities where 


for their skins alone. 


[here are 
sharks are taken 
Factories are now being installed, how- 

er, wherein practically all parts of the 
shark will be utilized. The skin will be 

e principal item and its value should 
iverage about two dollars for ‘‘ general 
run’’ grays of seven to nine feet; that 
from large ‘‘tigers’’ and hammerheads 
may be worth five dollars or more if the 
skin is in good condition. Fortunately, 
the skin of the commonest species, the 
“gata’’ (eat), or nurse shark, is the 
most valuable for shoe leather; its ten- 
sile strength is six to ten times that of 
ox-hide. 

The second item in importance will be 
the liver oil. At present the price of 
shark-liver oil is very low because it has 
to compete with ordinary fish oil in the 
open market. This status is gradually 
changing, due to the fact that poultry 
raisers and others are recognizing the 
fact that the oil from shark livers ranks 
with cod-liver oil as a cheap and safe 
source of vitamins; all the principal 
vitamins A, B, C and D, are contained 
in shark oil, D being the most impor- 
tant, perhaps. 

The fins come third in importance in 
the shark raw materials. The price 
varies greatly from a few cents apiece 
in ease of the common nurse sharks of 
tropical waters to two dollars or more 
per pound for the gelatinous fins of the 
sawfish shark. 
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The last, but in ys the most 


important, part of the shark 


some wa 
7 : ; ? 
oO de con 
; 


sidered in the modern plant is the 
the meal, made by thoroughly 
the flesh and then grinding it 
class feed for poultry and pigs 
to say, little effort has been mad 
the meat of sharks in most 
although one or two factor 

have successf lly 


sun-ari 


tities of shark meat 

tion; the Belgian C 
large quantities of 
out-of-the-way 

for years been proaucing 
meat in compet 


shark 


drik d 


salt codfish, one of the principal 


ported 


livers and even 


foods of the island: the fins 
said 


the 


hides at the 


place 
large 


thrown and only 


pieces of firm, boneless, white meat run 


are away 


ning from the shoulder to the middle of 
the body are removed and hung on wires 
to dry in the sun and wind—there being 
practically no rain at any time of the 
Fresh 

is commonly sold in the m 
Antillean and 
seems to be increasing. 


year in that locality 


seaports, its popularity 


Instead of expensive and ¢ ym plicated 
vacuum dryers which have been used for 
this purpose, the shark meat merchants 
of the future will probably use 
form of steam-pipe hot-air oven dryers 
eut up in 


some 


In this apparatus the meat, 
chunks, or, if for human food, in fillets, 
is put into wooden trays having galvan 
ized-iron wire-mesh bottoms: and these 
trays fit into a huge box-shaped oven 
which is heated by horizontal coils of 
steam-pipe placed in five or more tiers 
between the trays. By keeping the tem- 
perature in the oven below 180° F. the 
vitamins in the meat are largely retained 
and the very high protein content is 
saved. Probably no other food product 
in the world is so rich in protein as shark 
meat meal; whereas dried blood and the 
best forms of tankage contain only about 
60 per cent. to 70 per cent. protein, .this 
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shark meal contains 75 per cent. to 91 
per cent. In fact, it is so rich that it is 
now being used as a poultry tonic, and 
thus it stands outside of the class which 
is represented by ordinary slaughter- 
house tankage and ‘‘scrap’’ meal from 
the fish canneries and fish-oil factories. 

Three plants for the manufacture of 
fish meal and fish oil are now being in- 
stalled, one in Maine, one in Florida and 
one just over the line in Lower Califor- 
nia; the latter factory will probably be 
one of the largest of the kind in the 
world, and will have a capacity of ten 
tons of meal per hour, according to 
reports. 

Improvements in the methods of catch- 
ing sharks are gradually being worked 
out. The most efficient method of cap- 
ture is the set net. A net, from three 
hundred to five hundred feet in length, 
is stretched across areas where sharks 
are known to run, the bottom edge being 
anchored and the top edge buoyed by 
floats. Most sharks, when attempting to 
go through the net, get the strands, 
which are about twelve inches apart, 
caught in their gills and, strange to say, 
this soon causes them to ‘‘drown.”’ 

Trawls are also used: large specially 
tempered steel hooks, mounted on chains 
attached by swivels to the main line, are 
placed at intervals of a few yards along 
this trawl line. When properly baited 
and well set a good trawl line may catch 
from three to nine sharks at a setting; 
the trawl should be taken up every few 
hours in order to prevent the sharks 
caught on the hooks from being attacked 
by other sharks. New kinds of shark 
hooks are being tried out: it requires a 
high grade of steel to hold a one thou- 
sand-pound fish without breaking or 
straightening out. 

In many places it is possible to har- 
poon sharks from a launch or rowboat; 
and on the east coast of Nicaragua the 
writer has seen sharks harpooned by a 
native standing in the surf; one man 
usually can pull in a seven-foot speci- 


men, but two are needed for an 
footer. In some places large n 
of sharks have been taken by th 
reprehensible method of baiting 
areas with fish offal and when t! 
which are attracted thereto : 
around the spot a stick of dyna: 


thrown into the school and the 


area 
Ait 


sharks are then lassoed or harp 
they float, white bellies up, on 
face. 

A Porto Rican shark fishermar 
perfected a killing lance which n 
safer for the fisherman to hand 
half-dead but very dangerous 
The peculiar-shaped lance attacl 
stout bamboo handle enters one 
gill slits in the side of the neck, 
twist of the wrist severs the main 
in the throat. 

Another very interesting met! 
eatching sharks has been in use « 
south side of Porto Rico, wh 
nurse shark comes to breed in 
May and June around the reefs 
the lagoons. Men armed with 
clubs and ‘‘machetes’’ wade out int 
shallows where the sharks are e¢ 
gating and at that time they hav 
difficulty and practically no dai 
taking large numbers of these a1 


which are then hauled away in t 


and used as fertilizer in nearby 

It is a remarkable fact that 
much study has been put on or 
fishes there should be such a |] 
knowledge concerning the shar! 
of these tropical localities. We 
beginning to learn that there 
merely three or four species, as f 
believed, but actually ten or a d 
tinct commercial kinds of sharks, 
inhabit the waters of the West In 
well as the East Indies. Four or f 
these species are more or less ¢ 
throughout the year around the Ant 
while others are occasional visitors 
come in from deeper waters to bre 
the reefs and in the bays at cert 
periods. 
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The two commonest forms in tropical 
the 
and the blu 


archarnhinus 


American waters are nurse (Gin- 


nostoma cirratum gray 
sharks (¢ and 
spp. There 
lv one kind of the former, while there 

at least three of the 


[he so-called ie iger’’ 


and dusky 

-charwas seems to be 
latter group. 
probably a Car- 
common but never 


harhinus) is also 


endable—he is a routsabout traveler, 
the 
and the 


ldle-elass folk. 


gatas are reliable stay-at- 


respectable 
\ P) istis 


. so common around Florida, 


mes grays are 
The sawfish 
finatus 
e Nicaraguan coast and along northern 
South America, is strangely absent or 
very the Antillean 
The hammerhead (Sphyrna zygaena) is 
jueer old fellow with many good qualli- 


regions. 


scarce in 


ties, when he can be found—and where; 
his hide is not so tough as that of the 
gata, but there is usually much more of 
being two or three times longer. 
Related to the sharks, but of very dif- 
ferent habits and shape are the rays. 
One of the commonest and most widely 
listributed fish in the Tropics of both 
the leopard 


: s ; ‘ 
chucho (Aélobatus narinari 


hemispheres is “ay, or 
This ex- 
llent and very beautiful food-fish lives 
the bottom at a depth of from two to 
five fathoms and eats mollusks and other 
marine animals which inhabit the ocean 
The body 
ingular in shape and flattened like a 
flounder; the tail is reduced to a sort of 
whip which, 


igth of six to 


of a ray is roughly tri- 


however, may attain a 


ten feet or more. On 
wccount of their habit of lying half con- 
‘ealed in the mud, the rays have adopted 
a special manner of breathing: the water 
is taken in through circular apertures 
on the upper surface just back of the 
head and is expelled through slits on the 
underside of the body. The flesh of the 
chucho is of excellent quality, and it 
should be dried or frozen in fillets for 
human consumption. Its skin, covered 
with grayish-blue circles and spots, will 
some day be very popular. 
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at over 150 pi 
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full-grown 


or four 
small bones as in ordinary 
in the fins; 
brilliant whit 
dried and 
iron rod run 
object makes . 
servedly popular cane 
ture is decorative and 
the ivory is remarkable 

The te =. 

unlike thi 
world: be l 


ename!l 


three-bladed raz 


on the edge of eac 


on all of the three 


li] 
1i1KC a 


cut a hair, just 
credible as it may seem, it is possible 


seratch glass with the serrate edge 
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shark’s tooth; it would appear, there- 
fore, that shark-tooth ‘‘enamel’’ is the 
hardest animal substance in the world. 
The Boy Scouts are going to have some 
fun with their shark-tooth watch-fobs, 
which we understand are given away 
with each pair of shark-skin shoes. 

There is a mystery about the shark’s 
digestive function; the stomach is better 
than that of most fishes, the pancreas is 
good, the liver is excellent and serves 
not only to aid the gastric action but also 
stores up fat to carry the body over 
periods of food shortage: but when we 
look for the intestine we find only a com- 
plicated spiral valve-like organ and an 
excessively short, thick-walled tube 
only two or three feet long in an eight- 
foot shark, while the alimentary canal 
of a porpoise, of the same size and living 
on just the same sort of food, measures 
over seventy-five feet in length. 

With the possible exception of some 
of the turtles, for instance, the land tor- 
toises of Tropical America (which are 
in some countries fattened up on sweet 
potatoes, their enlarged livers then con- 
stituting the famous dish, maracoy 
ragout, than which there is none better 
in the whole wide world), there is no 
liver so large in proportion as that of 
the common gray shark. A shark seven 
feet long and weighing about two hun- 
dred pounds has a liver, usually in two 
or three long lobes, which practically 
fills the entire abdominal cavity and may 
weigh twenty to thirty pounds. The 
gall bladder, however, is comparatively 
small. The oil content is so great that 
even the heat of the hand starts the 
oozing of the oil. 

There is also a deplorably large 
shadow zone around our knowledge of 
sharks’ breeding habits. Why do some 
sharks lay large four-cornered eggs while 
others give birth to their young in quasi- 
mammalian style—nourishing the shark- 
lets within the female’s body with a 
milk-like substance so that they are able 


to swim away on their own power 
birth? In the shark and ray systems 
reproduction all the eggs are fertili 

a much more economic arrangement 1 
that which obtains in the ease of n 
all other groups of fishes. 

Coming back to the original point 
peculiar grain and sheen of 
leather, curried or uncurried, n 
especially adaptable for cigarett 
purses, ladies’ bags, belts, book-| 
ings, ete., while the regular-grade |! 
is now made up into shoes; these s 
outwear any other kind of |k 
Shark leather does not scuff like 
leathers. Its surface never cl 
eracks nor ‘‘roughs up,’’ and it s 
to endure wetting and drying | 
than bovine leather. Formerly 
very difficult to work shark skins 
to the fact that in most species ther 
flakes or spicules of lime embedd: 
the outer layer of the skin. Sor 
is this outer skin (sometimes called 
‘‘shagreen’’) of some species of shar 
that it may be used in polishing wor 
metal in place of sandpaper. <A 
patent ‘‘acid’’ process, however, rem 
the lime and leaves the skin pliable wit! 
out destroying the peculiar ‘‘ patter: 
of the surface and its pleasing luster 

The color of shark leather var 
greatly from a grayish or pale-brow: 
shade to a dark greenish or almost b! 
color. By varying the kind of tan 
material the shade can be changed art 
ficially to meet the most fastidious pul 
lic taste. We have long been accus 
tomed to alligator leather, which has 
much bolder ‘‘pattern’’ than that of t! 
shark, but lacks the wonderful luster 
Lizard skins have been popular for 
purses and small bags for years, and 
long ago the Japanese learned how 
prepare the skins of large toads for such 
purposes. 

Instead of slowly drying the fins on 
racks in the sun it is recommended that 
they should be quickly and complete!) 
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dried in hot-air ovens. When the mois- 


ture content is brought down to around 
10 per cent. these fins can be packed in 
boxes, barrels or bales and, if protected 
from the weather, can be shipped half- 
way around the world without deteriora- 
tion. An expert Chinese cook, given two 
lays for the can make a soup 
from shark fins which ean not be ex- 
celled; the gelatinous rods become quite 
transparent and the peculiar delicate 
flavor is even better than that of the 
famous bird’s-nest soup, for which 
Chinese epicures pay exorbitant prices; 
fin soup, particularly the ‘‘boon-leong- 
sit’? variety, may be worth five Hong- 
kong dollars per bowl: it is supposed to 
possess highly invigorating qualities. 

England now seems to be vying with 
America in the utilization of shark meat 
as well as leather; it is reported that 
one to two hundred tons of ‘‘rock sal- 
mon,’’ or shark meat, are consumed 
daily in the London district. By the 
way, the flavor and texture of shark 
meat is somewhat like that of halibut. 
The writer regards young hammerhead 
as the best food shark. 

Now that we have learned how to ob- 
tain sharks in large quantities much 
more cheaply than heretofore the public 
should in the next few years have an 
opportunity to obtain several times as 
much shark leather as in the past. 

It is difficult to explain just why 
sharks are at present so much in the 
limelight; but it may be that there is 
a decided pull, so to speak, both on the 
part of buyers of shark leather and the 
users of shark by-products, such as liver 
oil, meat meal, ete., and also a push on 


work, 


the | of the pl dueers the 
anxious to sell the sharks which they 
have been eatching and thr 


Logically, a purse or hand-bag 


wing away 
distinctive ‘‘shark sheen’’ wil 
the ordinary article anyw! 
fishermen art 

1 find 


hooks ana 


naturally th 

ing up their 

taken bites of 

broken their fis! l 
le of 


away the best kinds of foo 


sharks have 
the 
frightened 


fish; and when they ean sell one of these 


hooks, 


murderous marauders for a dollar 


two at the instead of throwing 
him 
eat—then the 

Finally, the 
this: we new have ways and means of 


utilizing sharks commercially, we are 


factor’ 


back for his cannibal brothers to 
business be vrins to grow 


to conside r 1s 


main point 


1 } 


learning how to take them cheaply, and 
we know that by removing them from 
the +] 


directly Saving otner 
fishes. 


sea we are 
And while it is hardly possibl 
to successfully operate a factory which 
depends on sharks alone we are coming 
that a of other 


products 


to see combination 


marine with sharks, when 
properly handled in an up-to-date plant, 


richest 


may be considered as one of the 
‘‘strikes’’ in the only 
mine—the sea. 

We have been hating 


inexhaustible 
sharks on 
and in 
but 
now it is high time that they should pay 
up. There are no more interesting ani- 
mals in the and 
means of turning them into cash consti- 
tute one of 
modern industries. 


gen 
eral centuries, 


some ways they have deserved it; 


principles for 


the world, and ways 


the most fascinating of our 





THE HIGH ATMOSPHERE OF THE EARTH 


By E. O. HULBURT 


NAVAL RESEARCH LABORATORY 


THE earth on which we live has re-_ greater heights, with full realization 
eently been called a ‘‘seventh of a see- possible errors may enter increasing 
ond earth,’’ by Professor Kennelly, of the higher one goes, so that at thre 
Harvard University, having in mind the dred miles, let us say, one ean hay 
fact that by means of wireless telegraphy great confidence in their corre 
one can communicate with any portion The appearance of meteors, their br 
of the earth in less than a seventh of a_ ness and the length of their trails 
second, for this length of time is re- nish evidence sometimes confusing 
quired for the wireless waves to encircle contradictory of the pressures and 
the globe. It is true that the wireless peratures of the high atmospheric ¢ 
waves have furnished a marvelous Certain absorption bands in thi 
method of communication, but they have -trum of the sun, particularly 
done more than this, they have by their ultra-violet region, show that the 
behavior led to information about the ozone in the atmosphere fifty or a 
high atmosphere of the earth, those cold dred miles overhead; there is no ap} 
and rarefied regions several hundred ciable ozone in the lower air around 
miles overhead. It is really quite along The polar light or aurora and thé 
story, and at the present time it seems greenish light of the night sky betw 
that we are in the midst of one of the’ the stars which comes from our ow: 
most exciting chapters with perhaps but mosphere give evidence that som 
a dim perception of what the end will be of electrical and light-producing a 
like. It may be said that the high atmos- is present in the upper atmospher 
phere, which heretofore has been a_ these things are beyond our contro! 
rather elusive and unexplored part of merely observes them and makes 
our earth, has become of importance in inferences are possible. With the a 
everyday life. The wireless engineer at of the wireless waves, however, ther 
any rate knows that he is absolutely de- come into existence for the first 
pendent upon it for signals which he controllable means, and a powerful « 
expects to send or receive at distances of plumbing the outer depths, just 
greater than a few hundred miles, and sound waves are being used to searc! 
that he must in the end understand as_ earth beneath our feet. 
much as possible about it for the devel- We must go back to the year 1! 
opment of his craft. when Marconi, in his transatlantic 

For a long time knowledge of the up- nalling experiments, demonstrated 
per reaches of the atmosphere has been _ the first time that the wireless rays ¢ 
very fragmentary, indeed; it has de- bend around the bulge of the « 
pended on small groups of outlying ob- Lord Rayleigh immediately raised 
servations together with much theory question as to how this could be. bl 
and speculation. The pressures and swer Kennelly in this country 


temperatures of the lower atmosphere Heaviside in England independ: 

have been investigated directly by means suggested that there were electrons 

of small balloons carrying recording in- ions in the high atmosphere which 

struments to heights of twelve miles or the wireless rays back to the earth : 

so. The curves are extrapolated to so that the ray traveled over the « 
134 
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successive reflections between the 
arth’s surface and the electrified atmos- 
eric layer, somewhat as it would do 
hetween two parallel sheets of metal. 
It may be well to mention that electrons 
re small negatively charged particles of 
electricity ; ions are electrically charged 
gas molecules or atoms, usually posi- 
vely charged, although sometimes they 
re negatively charged. The electron is 


Cli iiggts 
Al 


ut a ten thousandth as much. The 


ter than the ion, weighing only 


irged particles, ions and electrons are 
ken of as the ‘‘ionization’’; an ‘‘ion- 
gas is one in which there are a 
ymber of such charged particles.) In 
e following twenty years commercial 
reless telegraphy developed rapidly 

| many new facts were brought out, 
it in spite of this wide technical exten- 
n little advance was made in an exact 
inderstanding of the propagation of the 


t 
raves. The proper facts to give the clue 


re still lacking. These were finally 
brought to light in the discoveries of the 
remarkable behavior of the short waves, 
ives below fifty meters in length. 


ese discoveries, demonstrated by the 
nateurs all over the world in the years 
round 1923, were developed systemati- 
ally by the far-flung organization of the 
United States Navy. 

The short waves were found to skip 
ver regions near the transmitting sta- 
tion and to come down to earth again 
several hundred miles away. Around 
the transmitter there was thus a small 

ne of reception which soon yielded to 
i zone of silence which in turn was sur- 
rounded by a zone of reception. The 
widths of the zones of silenee, or th 
‘‘skip distances’? as they are called, 
were measured for each wave-length (the 
skip distance increased as the wave- 
length decreased). These measurements 
showed unmistakably that in t 
atmosphere there was an electron and 
ion layer which set in at about fifty miles 
bove the earth and which increased in 
density with the height until at about 
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he high 


} 


his number of 


} } 
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ionization was due for the most part to 
the ultra-violet light of the sun, because 
practically all the wireless phenomena, 


such ranges, skip distances, etc., 
changed in a regular manner from day 
to night and from summer to winter. 
Furthermore, it is well known that ultra- 
violet light of a wave-length 
tears apart neutral molecules and atoms 
into negative electrons and positive ions. 
There was, of course, the possibility that 
other agencies, perhaps of radioactive 
nature in the earth or the sun, or of un- 
known origin, might have an important 
influence on the electrification. The 
matter resolved itself into dragging out 
all the lore of the laboratory which had 
a bearing on the case, such as the inten- 
sity of the sun’s ultra-violet light, the 
electrification of gases by ultra-violet 
light, the diffusion of ions under the in- 
fluence of the magnetic field of the earth, 
ete., hammering through the mathe- 
maties and calculating the ionization. 
Many facts necessary to an exact caleu- 
lation were imperfectly known, but 
within this uncertainty the calculated 
ionization due to the ultra-violet light of 
the sun agreed as closely as could be ex- 
pected with that given by the wireless 
waves. The conclusion was that the sun- 
light in the far ultra-violet was a neces- 
sary and sufficient cause of the ioniza- 
tion of the high atmosphere and that 
other ionizing agencies were uncalled for. 

Since the calculated ionization in re- 
gions below 120 miles agreed well enough 
with the wireless phenomena it was pos- 
sible to take up with some confidence the 
ealeulation of the ionization at greater 
heights than this in regions which as yet 
are unapproachable by direct experi- 
ments. The result came out that the 
electron density, which at 120 miles was 
a million electrons per cubie inch, de- 
creased at 145 miles to a hundred thou- 
sand and at 170 miles to ten thousand. 
It seems fairly certain that the electronic 


as 


suitable 


THE SCIENTIFIC MONTHLY 


levels where the atmosphere is \ 
indeed, the pressure being a mill 
lionth of the sea-level 
immediately evident that the 

and ions would behave differently 
those in the lower levels. For a ¢} 
particle will, if unhindered, move 
general direction of the lines of f 
the magnetie field of the earth. 

In the regions below about 


pressure ’ 


120 
the gas pressure is relatively hig 
the ions and electrons there are j 
about so frequently and so irreg 
by their collisions with the gas 
cules that they have no opportunit 
be influenced by the earth’s mag 
field. At greater heights, above 
miles, where the gas pressure is 
lower and collisions are rare, thy 
and electrons move undisturbed 
direction of the magnetic field, and t 
fore they migrate to the magnetic | 
of the earth and accumulate ther 
does not take them very long to do t! 
their velocities are around a mile : 


ond and they can move from the equat 


to the poles in two or three hours 
the polar regions the lines of mag 
foree descend downward almost 

cally towards the earth, and the ions 
electrons are guided to lower | 


There, because of their increased cone 


tration and the greater gas 
they recombine to form neutral 
cules again and in some way set 
their electrical energy of recombinat 
to give the aurora light. Thus th 
ergy of the aurora comes indirectly 
the sun; the energy of that portior 


the sun’s ultra-violet light, which is : 


pre SSu 


} 


sorbed at high levels in the sun-lit r 


gions and causes the upper spray of t 


Y 


ionic layer, is transported to the pol 


regions and reappears (or a portio! 
it does) as the aurora. 


The ions may | 


regarded as being vaporized in the hig 


atmosphere and distilled along the line 
of magnetic force to the poles where thes 


condense to neutral molecules again an 


densities for the greater heights are, if 
yield up their energy of formation 4s 


anything, underestimates. In these high 
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in the 
and of 


winds 
earth 


nrora light. Beeause of 

ch atmosphere of the 
variations in the sun’s radiation due to 
sun-spots, ete., the ion layer is probably 
not uniform but is a thing of shreds and 
patches. Upon drifting to the poles the 
natehes lengthen into streaks and being 
touched into luminosity form the auroral 
streamers. 

The total energy in the aurora light 
showered down to the earth during a 
strong display of northern lights has 
been shown to be at the rate of one hun- 
dred thousand horsepower; just about 
this amount of energy is available in the 
upper layers of the ionization. This is 
really seen to be a small amount of en- 
ergy when it is remembered that the 
total energy received from the full moon 
all over the earth is at the rate of a hun- 
dred million horsepower, and from the 
sun is a million times this. All in all 


this theory of the origin of the aurora 


is in keeping with present-day knowl- 
edge; it ean, however, hardly be said to 
be completely established as yet. It sug- 
gests, and must wait for the results of, 
many laboratory experiments on the elee- 
trical and light-producing effects in the 
atmospheric gases at low pressures. The 
aurora itself should be surveyed with the 
spectroscope under a large variety of 
conditions. Its energy should be mea- 
sured, and in many ways it should be 
subjected to closer scrutiny than has 
been done up to this time. The spectrum 
of the south pole aurora has never been 
taken at all, although to be sure there is 
no evident reason why it should differ 
from that of the north pole. 

To return to the ionized layer in the 
polar regions—because of the contour of 
the magnetic lines of force the ion and 
electron cloud would be expected to form 
a sort of large-stemmed mushroom over 
the magnetic poles, the stem of course 
not actually reaching down to the 
earth’s surface but beginning fifty miles 
or so above the surface. The stem will 
perhaps be several hundred miles in 
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diameter. Wireless 
sides of this stem mig] 
on their course 

of the Navy indicat 
The 


transmitting short | 


pen, experiment 


waves and measuring 


echoes to return fron 


time interval gave a d 
to the distance to the 


mushroom. One ean not be 


these experiments have 


conclusively the existence of 


mushroom, for the echoes 


have come from inequaliti 
: From the 


or the waves of the se 


rather easy way in which this is written 


one should not suppose that idle specula 


tions are being tossed about. Every 


phrase has withstood severe criticism 


and practically statement has 
mathematical and 
The final answer can 


particularly 


every 
experimental justifi 
cation). only come 
from continued experiment 
near the magnetic poles of the 


With transmitters and receivers 


at or 
earth. 
of wireless signals in these regions pro- 
grams of experiments similar to those 
already carried out in more temperate 
latitudes would certainly yield informa 
tion of the 
might furnish t'.e key to the exact inter 


ereatest importance and 


relation of wireless telegrap! y, the au 


rora, the ozone, the magnetic storms and 
other phenomena. 

It is interesting to back 
these developments, which have been fol 


lowed quite blindly with no notion where 


| 
look 


upon 


they were leading. One wonders what 
their future will be. We see that 
they all point to the magnetie, DOSs- 
sibly the geographic, poles as being the 


now 


and 


regions where the most interesting things 
happen and where experiments 
be expected to yield the most 


may 
might 
fruitful 
hardly necessary to mention that the 


results. In conclusion, it is 
high atmosphere is not the only fi ‘d of 
inquiry which may look for wide exten- 
sion from polar investigations. 





INFLUENCE OF CRYSTAL STRUCTURE ON 
ELECTRON EMISSION FROM METALS 


By Professor H. E. FARNSWORTH 


DEPARTMENT OF PHYSICS, BROWN UNIVERSITY 


WHEN electrons are shot against a Hence, the single fact that electr 
metal target in an inclosure from which leave the metal surface with speeds mu 
the air has been removed as completely lower than those of the primary « 
as possible, it is found that some of these trons would not enable one to d 
incident electrons (which wili hereafter whether electrons are actually rem: 
be ealled primary for convenience) are from the metal or whether thes: 
turned back from the target without loss speed electrons are merely original 
of energy, that is, the direction of their mary electrons which have given up s 
motion has merely been changed without of their energy on collision. Ther 
changing their speed. It is customary to however, definite proof that electrons a1 
refer to these electrons as reflected elec- actually knocked out of the metal, si: 
trons. Others of these primary electrons for certain primary electron speeds, s 
make collisions with electrons in the as produced by a battery of a few | 
metal, giving up energy to the electrons dred volts, more electrons have | 
that are hit which, in many eases, is suf- found to leave the metal surface tl 
ficient to completely remove these elec- strike it. This leaves no uncertaint 
trons from the same surface of the metal for the primary speeds at which this « 
which is struck. curs. 

This discussion applies to a piece of That electrons are also knocked out 
metal of sufficient thickness so that no the metal for a considerable rang 
electrons are able to pass through it. All lower primary speeds appears certain | 
those electrons, including the reflected cause of the manner in which the sp 
ones, which escape from the metal (here- of the secondary electrons are dis 
after to be referred to as secondary elec- uted. As previously mentioned, t! 
trons) do so from the surface of the is a group of reflected electrons leaving 
metal which is struck by the primary the surface which has lost no energ’ 
electrons. In order that an electron may There is also a general distribution 
escape from a metal surface it must have electron speeds extending over the regi 
sufficient energy to overcome the attrac- below the primary speed, which is 
tive force which tends to hold the elec- doubtedly due to electrons that have 
tron in the metal. various amounts of energy on collis 

The electrons which are knocked out In addition, there is a group of 
of the metal have speeds much less than’ speed electrons which increases in 
those of the primary electrons. This as the relative number of electrons | 
difference in speeds is a criterion for dif- ing the surface increases. It is 
ferentiating between the reflected elec- group which consists of the electr 
trons and those which are knocked out that have actually been knocked out 
of the metal. It is true that there is a_ the metal. 
certain ambiguity, inasmuch as some of The question as to the minimum 
the primary electrons which lose energy cident speed which is required to rem 
by collision may still retain sufficient en- an electron under given conditions, 
ergy to escape from the metal with a though of great importance, is not 
lower speed than they originally had. easily answered. However, it app 


7 


138 





ELECTRON EMISSION FROM METALS 


hat a minimum speed is required, for, 
inless the incident speed is greater than 
. certain value, no electrons with speeds 
ppreciably less than that of the pri- 
mary electrons are found to leave the 
metal. We, therefore, conclude that 
under these conditions no electrons are 
knocked out of the metal, even though 
me of the primary electrons fail to 
turn. The minimum incident speed 
for which low speed electrons begin to 
» the surface ought then to be that 
required for the removal of electrons 
from the metal. Unfortunately the inci- 
speed at which this occurs is not 
sharply defined, so that an accurate de- 
termination of the value is impossible. 
Experiment shows that the secondary 
electron characteristics vary greatly 
with the conditions under which they 
are obtained. All metals ordinarily have 
irge quantities of gas adhering to their 
surfaces and distributed throughout 
eir volumes between the metal atoms. 
A large part of the gas may be removed 
prolonged heating of the metal in a 
vacuum at temperatures near the melt- 
ing point of the metal. This removal of 
gas changes the secondary electron char- 
ucteristies, but after heating the metal 
for some hours in a vacuum a condition 
is reached such that further heating pro- 
duces no perceptible change in the re- 
sults obtained. 
In experiments of this sort, the source 
f electrons is usually a heated filament 
similar to that used in radio tubes. The 
lectrons are accelerated by means of a 
battery to a diaphragm with a hole in it. 
Some of the electrons pass through the 
hole, thus forming a sharply defined 
electron beam of uniform speed. The 
speed of the electrons may be varied by 
changing the size of the battery. The 
target to be studied is placed in the path 
of this electron beam. By surrounding 
the target with a metallic spherical shell, 
the electrons which come off the target 
may be caught and measured with a sen- 
sitive galvanometer. By applying vari- 


ous electrical pote ntials to the collec 


sphere and measuring th 
electron currents, one obta 
of the relative number 
electrons which have 
The whole arrangement, 
tion of the galvanometer, 
glass tube from which tl 
as complete iy re moved as poss 
Any one not familiar witl 
ticular field of investigatio1 


ask what is to be gained fro 


IT) qu 
number of « 
the metal 
electrons changes suddenly 
critical speeds. This fact has 
to signify that the atoms respond, 
struck with electrons of th 
in a manner such as 
the number 
, and 
of 
ym itself 
correct, a determination of these 
speeds would then furnish 
regarding the external struc 
atoms of the metal. Thi 
would pertain only to tl! 
cions of the atom since thi 
cussion is confined 
speed electron 
preciably 
atom. Tl 
electrons ' 
£ electron 
though the 
quired by 
otential 
approxi! 
The data 
to the present tin 


are largely discordant 


lisagreement appears to be 


different amounts oi 
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metal in the different experiments, but 
recent results of the writer’ show that, 
in addition to gas, there is another 
factor of a very fundamental nature 
which has an enormous influence on the 
characteristics, at least for the lower 
electron speeds. This other factor is the 
arrangement of the atoms at the sur- 
face of the metal with respect to one an- 
other. Although each metal has a defi- 
nite crystal structure, in an ordinary 
sample the crystals are broken into very 
small pieces and oriented at random. If 
the metal is heated near the melting 
point for a considerable length of time 
some of these crystals grow larger at the 
expense of their neighbors. After copper 
has been heated at red heat for an hour 
or two in a vacuum, the single crystals 
at the surface are large enough to be 
easily visible with the naked eye. Thus 
when a metal is heated in a vacuum, not 
only is a considerable amount of gas re- 
moved, but the arrangement of the atoms 
with respect to each other changes. 
Various results by the writer had in- 
dicated that the secondary electron cur- 
rent is in some way dependent upon the 
arrangement of the surface atoms, but 
definite proof of this was recently estab- 
lished when the secondary electron cur- 
rent as a function of primary speed was 
obtained for a target cut from a single 
erystal of copper. This relation was 
found to be distinctly different from 
that for an ordinary or polycrystalline 
sample of copper. Evidence of the in- 
fluence of structure was also obtained 
from the characteristics of a target of 
phosphor bronze which contained more 
than 95 per cent. copper. If the results 
are distinctive of the atoms independent 
of their arrangement, then the results 
for a target containing over 95 per cent. 
copper would not be expected to differ 
appreciably from those for pure copper. 


1 Phys. Rev., Mar., 1928. 


THE SCIENTIFIC MONTHLY 





If, however, the arrangement of 
atoms is a determining factor, the 
ence of a small percentage of other 
might be sufficient to produce cons 
able changes. The results obtain: 
phosphor bronze were distinctly d 
ent from those for copper in the 
nary, or in the crystalline form, sho 
that the modified atomic arrangem 
must be responsible for the chang 

These experiments were not extend 
to primary speeds greater than 
corresponding to about forty volts, 
that it is impossible to give the maximw 
speed to which this applies. It ap; 
probable, however, that this effect is « 
fined to relatively low speeds. 

The effect of atomic arrangement 
the secondary electron current is n 
necessarily at variance with the 
that the secondary electron charact 
istics are distinctive of the structur: 
the atoms. It may simply mean that t 
outer structure of an atom, whic 
the only part here effective becaus: 
the low speeds of the primary electro: 
is dependent upon the arrangement 
the neighboring atoms. That is, 
outer energy levels of any one atom ma} 
be modified as a result of the close pro: 
imity of neighboring atoms and thus 
a function of the environment of 
atom. Should this prove to be the cor 
rect interpretation, it follows that 
other phenomena which are a funct 
of the outer energy levels of the at 
must also be affected by atomic arra! 
ment. It appears that some of the dis- 
eordant results in the field of soft X- 
rays may be accounted for in this wa 
This remains for future work to decid 

The experiments described here, how- 
ever, have definitely proved that the : 
rangement of the atoms in a metal }s 
a determining factor for certain phe 
nomena which were formerly attributed 
to the individual atoms independent 
their environment. 
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MATHEMATICS IN BIOLOGY 





By J. ARTHUR HARRIS 


UNIVERSITY 


WHat is mathematics? And what 
right has mathematics to obtrude itself 
upon the attention of biologists? 

Since mathematics is a very old 
science, inextricably bound up in its 
historical development with logic and 
philosophy on the one hand and with 
astronomy on the other, it is perhaps 
impossible to give a concise definition 
which would satisfy the workers in all 
its fields, theoretical and applied. It is 
easier and more pertinent to our present 
purpose to indicate some of the charac- 
teristics of mathematics which make it 
an essential factor in the more advanced 
stages of the development of all other 
This may serve as a prelimi- 
nary to an outline of the claims of 
mathematies to the attention of biolo- 
gists, based on @ priori considerations, 
on service in other natural sciences and 
on the contribution which it has already 
made to the advancement of biology. 


sciences. 


I. Toe FUNDAMENTAL CHARACTERISTICS 
oF MATHEMATICS AS RELATED TO 
THE PHYSICAL AND BIOLOG- 

ICAL SCIENCES 

It is one of the characteristics of 
mathematics that, starting with certain 
axioms, postulates or assumptions, it 
shows the way in which conclusions may 
be deduced from these premises. The 
mathematician does not necessarily 
claim absolute certainty for the physical 
validity of his conclusions, but he be- 
lieves profoundly that it is possible to 
find groups of axioms—sets of a few 
propositions each—such that the propo- 
sitions of each set are compatible and 
that the propositions of each set imply 
other propositions, which latter can be 
deduced from the former with certainty. 
The assumptions of pure mathematics 
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need have no physical interpretations 
They may indeed contradict any of our 
They must not, however, con 
the busi 


ian to dis 


pure mathematici 


theories. 
tradict each other. 
the 


systems of 


Thus it is 
ness ot 
cover self-consistent and 
coherent propositions. 

Mathematics is an exact and 
science only in the sense that with the 
conelu 


postulates definitely given the 


sion admits of no doubt. Thus the pur 
mathematician concerns himself not wit! 
the particular 
the natural sciences but with the prin 
ciples which underlie the 


problems in general. 


solution of problems in 


lasts { 
solution ol 


In the natural sciences, as contrasted 
with mathematics, the things which are 
given 
phenomena rather than axioms or postu 
The 
from these observational data generaliza 
tions which eall laws. It 
both reasonable desirable 

should endeavor to employ in 


are measurements of natural 


lates. scientist wishes to derive 


we natural 
seems and 
that he 
this task the rigorous self-consistent sys 
tems of reasoning developed by the 
mathematician. 
The student of 

not necessarily concern himself with the 
criteria by which the mathematician 
assures himself of the validity of his 
formulae. He desires merely to be fully 
convinced of the usefulness of such for- 
mulae in the solution of the problems 
with which he himself has to deal. He 
should be sufficiently conversant with 
the fundamental assumptions underly- 
ing the equations which he proposes to 
use in his investigations, not to make the 
error of applying them in problems 
presenting wholly different sets of con- 
ditions from those for which they were 
developed. 


natural science need 








142 THE SCIENTIFIC MONTHLY 


The biologist in common with the stu- 
dent of the other natural sciences starts 
with a series of direct observations of 
phenomena. From these he wishes to 
derive a generalization, a theory or a 
law which shall express the results of 
his experience in concise and mentally 
comprehensible terms. A theory de- 
duced from a given set of observational! 
data may be erroneous because the 
measurements were made under unsuit- 
able conditions, by inadequate methods, 
or because they are for some other 
reason unsuited for use as a basis of 
generalization. If the theories based on 
two or more sets of observations are 
inconsistent, the experimentalist refines 
the conditions under which his observa- 
tions are made, increases the precision 
and number of his measurements and 
reformulates his theories until he finds 
one which is in accord with the widest 
possible range of experience and which 
appeals to him as a reasonable descrip- 
tion of the facts of nature. Thus, were 
the mathematician to criticise the worker 
in the natural sciences, he would not 
require him to give up observation and 
experimentation but would only demand 
that the conclusions drawn from obser- 
vation and measurement be logical 
conclusions. 


Il. THe Cams or MATHEMATICS 
TO THE ATTENTION OF 
BIOLOGISTS 

The claim of pure mathematies to the 
attention of scholarly mankind is like 
that of art, in that it is grounded in the 
innate human love of beautiful things 
and in the innate human joy in orig- 
inating them. It is creative. Its previ- 
ous triumphs of achievement fill us with 
satisfying wonder; its pursuit is akin to 
that of the exploration of a great moun- 
tain system in the course of which the 
vantage of each peak scaled opens to 
view the prospect of higher serried 
peaks and vaster plateaus beyond. 


The pursuit of pure mathen 
our day by the few who have th 
and the training is not to be justifi 
the immediate applicability of 
sults in the other sciences. Its 


existence is justified by centu: 


persistent appeal to human inter 
no generation in which we wou 
life worth while has such i 
mathematics been lacking. 
claim to the attention of the schol 
been tested by a rigorous natura! 
tion. The survival of the science is s 
ficient evidence for its value as a s 
of gratification to the active | 
mind. Furthermore, the process oi 
ural selection has not merely show 
fitness of pure mathematics as su 
survival. It has been active w 
mathematics itself. All that ha 
been found to be sound and cor 
has been ruthlessly eliminated. 
all that has long remained may prop 
appeal to workers in the other se 
as worth their consideration with 
ence to its possible value in their 
special field. 

But here we are not concerned 
the justification of pure mathen 
but with an appeal for the wider us 
mathematics by biologists as a m 
the development of their own s 
field of creative scholarship. 

Let us consider in outline the « 
which mathematics has to the at 
of the working biologist. 

The first two may be stated ir 
general terms. They will, how: 
developed in the discussion of 
claims which is to follow. 

The most universal service of 
matics to the natural sciences 
affording of an exact and easily 
able symbolism for the express! 
ideas. The progress of science dep: 
very largely upon the facility 
which facts may be recorded and 
tionships between them considered. 
their bearing upon this requirement 
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the natural sciences it is important to 
note that an essential characteristic oi 
methods is that they 
The notation of the 
mathematician affords the maximum 
precision, simplicity and conciseness. 
The worker in natural science finds in 
mathematical literature a highly per- 
fected symbolism which he may us« 
without developing one of his own. 

notation is 


mathematical 
economize thought. 


But while a convenient 
the most general contribution of mathe- 
matics to the natural 
neither the only nor the most important 
one. In the natural sciences it is essen- 
tial that accurate observations and exact 


sciences, it is 


measurements be interpreted by sound 


processes of reasoning. It seems logical 


to assume that the biologist may profit 
by the centuries of experience of the 
mathematician in the drawing of inevi- 
table conclusions. 

These claims are so general that we 
may properly turn to those based on the 
specific accomplishments of mathematics 
in the physical sciences and in biology 
itself in substantiation of our argument 
for its wider application in biological 
research. 

1) Tae CLam or SERVICE IN OTHER 

PHYSICAL SCIENCES 

The record of service of mathematics 
in the physical sciences is an outstand- 
ing claim to the attention of biologists. 

In the past, mathematics has been an 
integral part of the sciences which we 
are accustomed to regard as the more 
highly developed—of all that is physical 
as distinguished from biological in the 
growth of our civilization. The most 
determined critic of the application of 
the mathematical method in 
dares not contemplate the consequences 
of a Maxwellian demon snatching from 
our scientific literature and from the 
minds of our chemists, physicists, engi- 
neers and economists the mathematical 
formulae which underlie the routine of 


biology 
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our daily life. In 


distance communi 
, + 


. : 
ne venicies of trans} 


motionless, factories w 

urban population would face starva 
As Professor A. Voss said in 1908 
entire present civilization, 
upon the int 
and utilization of 
foundation in 


dept nds 
tion 
real 
sciences. 


If reasoning by analogy is ever just 
fied, 


would certainly seem to af 


experience in the physical sciences 


evidence of the necessity for the exten 


sive introduction of this powerful tool 


of research into the biolo: al sciences. 
The that biologis hould 


emulate the physical 


argument 
workers in the 
sciences is strengthened by the fact that 
biological phenomena are 

nearly infinitely complex of 

This is 
because the internal 
functioning of the 
effective environmental conditions under 
which it live and reproduce 
prehend a 

physical and 
the universe. 


phenomena. necessarily 
structure 
organism and 
must com- 
material fractior ' the 
chemical 

Be fore 
biological phen 
but th 
superfic 
human they 


analy zed and simnplifis ] 


eated 
grasped in any 
scribed and 
mind, 
control or expressed 
elligible terms 
mari S or generi 


It mav bi 


dealing with 


ments 1 
cher 
minute ! 
trolled conditions 
The 
methods are two. 


molecules has the advantage of worki 


reasons for the 


= 
First, the student 


with less complex materials and un 


more readily controlled experiment: 
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conditions. Second, the physicist or 
chemist already has his molecules or 
ions massed and can investigate them 
and draw conclusions concerning their 
properties from his examination of the 
properties of his volume of gas or solu- 
tion. The biologist must begin other- 
wise. He must collect and determine 
the characteristics of each individual of 
a large sample in order to express the 
characteristics of the whole population 
in mathematical terms. 

When biologists have had the neces- 
sary preliminary training, they will 
realize that, for many of the phenomena 
with which they have to deal, the most 
easily comprehensible and the most use- 
ful method of description and analysis 
is the mathematical. 

In the past, biologists as a class have 
been in reality hostile to the introduc- 
tion into their science of the methods 
which have proven their worth else- 
where. I know this to be true from long 
and bitter experience. Instead of being 
eager to place biology alongside of 
physies and chemistry in the ranks of 
the exact sciences, biologists have 
seemed not merely to excuse, but actu- 
ally to take pride in the distinction 
which has been drawn between the so- 
called exact and so-called descriptive 
sciences. 

While the historical attitude of the 
biologist is not excusable, the fault has 
not been entirely his. With most men 
mathematics is like a well—the deeper 
they go in the less they see out and 
about. Mathematics may quite properly 
be an end in itself, but in biology it is 
strictly a means to an end. While 
mathematicians have in the past been 
eager to serve workers in the physical 
sciences, and while mathematics itself 
owes a large debt to these sciences, 
mathematicians have not for the most 
part felt it worth while to come to the 
assistance of biologists. Mathematicians 
have often asserted the need of mathe- 


matics in the biological sciences, but : 
claim has too often been made in ar 
cathedra manner by those who, whi 
perhaps qualified to speak of things 
mathematical, have been relatively lit: 
fitted to discuss the needs of bi 
While biologists have been entirely, 
slow in recognizing the needs of 
science for the mathematical tools, + 
have shown that practical good 
which characterizes those whose n 
have contact with matter by refusing 
flock to the mathematicians’ stand 
until shown by conerete examples { 
the mathematical method has real 
plicability in biology. Thus the bu 
of proof has largely been thrown u 
a few workers of greater vision, wit) 
inevitable result that progress in 
application of mathematics in bi 
has been slow. 

Progress has been slow, but prog 
there has nevertheless been. 


(2) Tue Evo.ution or Biology AND 
INFLUENCE OF QUANTITATIVE 
MeTHODS 

The natural sciences have had 
beginnings in observation and spe 
tion. Careful description of thé 
served phenomena then furnished 
basis of interpretation by comparis 
Experimentation, which requires 
merely controlled conditions but n 
sured consequences, followed observati 
and description. Finally quantitatiy 
measurement, calculation and the formu 
lation of mathematical laws have char: 
terized the highest stage of scientifi 
development. 

These stages in the development 
the natural sciences are, to be sur 
neither wholly distinct in nature 1 
sharply separated in time. The methods 
of the later stages have in some instances 
been anticipated by investigators w! 
were in advance of their contemporaries 
It would be unfortunate indeed if men 
of science did not at all times avai! 
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themselves of whatever is best in the 
methods as well as in the results of those 
who preceded them. Notwithstanding 
the difficulty of delimiting the various 
horizons, as our geological friends might 
feel inclined to designate the deposits of 
scientific literature of these periods of 
dominant purposes, the se- 


differing 


quence is in full accord with historical 


tacts. 

The old physicist defined the 
biologist as ‘‘a man with scientifie aspi- 
rations and inadequate mathematics’’ 
would find, if he looked over a fair 
sample of eurrent biological literature, 
that not only has the space devoted to 
quantitative data increased enormously 
during the past few years, but that there 
is a steadily growing effort on the part 
of biologists to express in concise formu- 
lae the results of observation. Unfortu- 
nately biology in most of its phases still 
lacks the quantitative data and biolo- 
gists in general want the training in 
mathematical analysis which is essential 
in exact science. Nevertheless the ten- 
dency of the times is unmistakable; the 
demand for quantitative work is more 
and more dominant in the biology of 
to-day. 

The most forceful argument for the 
wider use of mathematics in biology is 
furnished by the service which mathe- 
maties has already rendered in the 
biological sciences. Let us consider this 
more specifically. 


who 


3) Tue Two Fronts oF THE ADVANCE 
or MATHEMATICS INTO BIOLOGY 

Progress in science depends upon evo- 
lution of method as well as upon the 
accumulation of the data of observation, 
experimentation and measurement. The 
progress which has been made in the 
development of biology as a quantita- 
tive science through the introduction of 
mathematical methods is in its present 
stage the resultant of various factors, 
which ean only be understood when con- 
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sidered in evolu 


tionary history of selence in general and 


their relation to the 
of biology in particular 

This evolution of the 
is admirably illustrated by the 
of biology. and 
tions began with primitive man. If a 
desire to record what has been 
formed a part of the motives of thos 
the 
with or 


natural sciences 
history 
Observations specula 


1) 
SCCT) 


who bruised erude figures on walls 


of eaves, descriptions began 
before the period of written 


classification wer 


language 


some attempts at 
made at a very early period in man’s 
cultural development, but we are accus- 
tomed to think of the great era of de 
scription and classification as initiated 
the work of 
was 
exploration. 


in their modern form by 
Linnaeus. This 
of detailed geographic 
Breadth of exploration doubtless tended 
to stimulate interest in 
description The 
activities of these decades resulted in the 


also one 


period 


intensity of 
and = classification. 
storing of great museums with carefully 
preserved and minutely described speci- 
mens of plants and animals, in the pub- 
lication of elegant icones which are 
among the masterpieces of artistic book 
making, comprehensive monographs of 
genus, encyclopedic sum 
phyla and 


faunas to the 


every large 


maries of kingdoms, and 
floras and 
vistas of library shelves 


Simultaneously with the latter dee 


long 


end ot 


ades of the period of dese~iption and 
both living 
development ot 
both 


These 


classification of organisms, 
and began the 


anatomy and embryology, 


fossil, 
macro- 
scopic and microscopic. latter 
were indefatigably pursued by an army 
of workers whose investigations were so 
comprehensive that the and 
more restless spirits began to fear that 


vounger 
there would be no worlds left for them 
to conquer. 
With such a 
materials at their disposal, it was in- 
evitable that serious attempts at inter- 


wealth of descriptive 
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pretation should be made. Speculation not merely to its great theoretica 
as to the observed phenomena was est but to its enormous practical! 
largely replaced by effort at interpreta- tance in agriculture, in the industr 
tion based upon comparison. ‘‘It is de- im medicine. At present biophysics 
scriptive but not comparative,’’ was biochemistry have attained the 
the criticism of a volume laid before the independent sciences, commanding | 
elder Agassiz. The dominance of the ties and personnel greater than 
available for the whole of biolog 
the exception of taxonomy, a few 
ago. 


The intimate contact with th: 


comparative method over a considerable 
period of the more recent history of 
biology is attested by the presence of the 
word comparative in the titles of a num- 
ber of institutions and journals. 

With taxonomy, comparative anatomy 
and embryology, histology and cytology 
well outlined, biologists found themselves 
free to extend to other fields the methods 
which had heretofore been limited to 
physiology. Experimental morphology, 
experimental embryology and experi- 
mental evolution are terms which illus- 
trate the degree to which the experi- 
mental method has dominated biological 
investigation during the last few years. 


precise sciences of physics and chen 
which has resulted from the ray 

velopment of experimentation in | 

during the past few years has don 

to raise the standard of biologi: 

search. 

Physies and chemistry are not m: 
sciences characterized by measur 
rather than observation. They ar 
ences in which it has long been 
nized that progress depends upon 
exactness of the control of the condi! 
of experimentation, the precision « 
measurements, and the adequacy 
mathematical description and ana 
of the measurements which hav 

As soon as biology, in the course of its made. Here we have one of th 
evolution, had passed the purely observa- great lines of advance of the mat 
tional and descriptive stage and become matical method into the biologica 
an experimental science, it was natural ences. Physics and chemistry 
that the attempt should be made to in- quantitative and, to a high degr 
terpret biological phenomena in terms mathematical sciences. Biologists 
of the more highly developed sciences of they will pursue their science alo1 
physics and chemistry. lines of physies and chemistry, must | 

That many of the processes which oc- over the mathematical methods 
eur in the living organism are chemical pression and analysis characterist 
and physical in nature was necessarily these sciences. There can be no r 
admitted as soon as physiology could be able doubt that in the future physics : 
valled a science. The controversy be- chemistry will continue to influe 
tween those who asserted that all bio- biology, and even more profoundly t! 
logical phenomena are physical and in the past. As the association of 
chemical and those who maintained that sciences becomes more intimate, 
living matter is in some essential way the biologist becomes essentially a 
different from non-living matter has ist or a physicist working with 
only served to stimulate investigations organisms, the mathematical mod 
having to do with the physics and the description and analysis which have ! 
chemistry of life processes. so fruitful in physics and chemistr: 

The development of the field of physi- become increasingly significant i 
eal and chemical physiology has been due ology. 


(a) The Influence of Physics and 
Chemistry 





(b) The Rise of Biome try 

The penetration of the mathematical 
leaven into the biological lump through 
the medium of physics and chemistry has 
been so graduai and so little associated 
with the names of any individual work- 
ers that it has taken place without biolo- 
gists as a class being acutely aware of 
the profound change in their science. 
The ease is quite different with the sec- 
ond great line of advance of the mathe- 
matieal methods into biology. This is 
directly traceable to the development, 
initiated by Francis Galton and strenu- 
ously carried forward by Karl Pearson, 
of mathematical formulae suitable for 
the analysis of the highly variable data 
of biological observation and measure- 
ment and to the application of these 
methods to a wide range of biological 
and sociological problems by the bio- 
metric school. 

While the biometric methods were de- 
veloped primarily for the study of phe- 
nomena which are so complex that they 
ean not be grasped by the unaided hu- 
man mind or which can not be readily 
subjected to experimental control, they 
are now being advantageously applied to 
the results of experimentation. Biolo- 
gists will doubtless some day realize that 
experimental results must receive mathe- 
matical treatment for their full inter- 
pretation. 

For the present, there are many who 
stubbornly refuse to see. 

We are sometimes told that the bio- 
metric constants are merely a useful 
means of expressing results. The idle- 
ness of such an assertion will be appar- 
ent from two simple illustrations. 

All mankind has had the opportunity 
of observing the statures and other phys- 
ical characteristics of husbands and 
wives. Yet it remained for Pearson 
and his group to show that there is a 
high degree of assortative mating in 
man. Why was this not perceived if 
the correlation coefficient only serves to 
express what we may learn otherwise? 
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made that those 
d human hus- 
part 


iS eVl- 


If the suggestion | 
individuals who ol 


bands and wives were for t 


serve 


scientifically untrained, the 
dent. } 


biological 


( 


t! inds in the 


it 
Students by the 


laboratories of the world have 
Param 


Investiga- 


observed conjugation in cium, 
but it required the biometric 
tion by Pearl, working under the influ 
the 


similarity 


ence of Pearson, to show that in 
union there is a high degree of 
in the size of the conjugants. Even after 
the relationship clearly 
strated biometrically, 
denied by at least two eminent zoolo- 


If biometric methods are a useful 


was demon- 


its validity was 
gists. 
means of expressing but not of obtaining 
results, why did not zoologists long ago 
note the assortative conjugation demon- 
strated by Pearl, and arrive at the ex- 
planations afforded by the masterly 
studies in the same field by Jennings? 

The answer is obvious in both cases. 
Unaided observation was incapable of 
dealing with the problems. They re- 
quired for their solution the application 
of mathematical methods of analysis to 
series of measurements. 

These are by no means unique or ex- 
Instances of the failure 
rela- 


ceptional cases. 
of biologists to observe important 
tionships, even with the materials or the 
data before their eyes, could easily be 
multiplied. Examples of the misinter- 
pretation of materials or data equally 
open to observation could be readily ad- 
The mental limitations implied 

The inabil- 
ity to grasp the more complicated natu- 
ral phenomena without symbolism is an 
inherent limitation of the human mind, 
fully recognized by psychologists. That 
a man should be unable to reason about 
highly complicated phenomena without 
the use of mathematical formulae is no 
more remarkable than that he should be 
the 


duced. 
is not peculiar to biologists. 


unable to see chromosomes without 
microscope. 

Another criticism frequently heard is 
that the statistical methods can only 
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locate problems—never solve them. The 
real solution, we are told, must in the 
end be biological, psychological, socio- 
logical, as the case may be. If this be 
true, it is the more important that the 
biologist, psychologist and sociologist be 
themselves capable of using the mathe- 
matical methods, or at cooper- 
ating intelligently with those who can. 
But is the criticism really valid? The 
same stricture is equally applicable to all 
methods of research. After a group of 
phenomena have been described and 
analyzed as well as they can be by any 
means, other problems remain to be at- 
tacked by new refinements of method or 
of analysis. 

The assertion is often made that the 
final results must depend upon the origi- 
nal measurements and not upon their 
mathematical treatment. A full discus- 
sion of this criticism would lead into sev- 
eral complexities, but it is sufficient to 
answer by a very simple illustration. 
The possibility of securing accuracy be- 
yond the power of observation, or at 
least beyond the degree of refinement of 
the measurements adopted, may be easily 
tested by measuring a series of objects 
twice, once roughly and once with great 
accuracy. The statistical constants of 
these two series of measurements may 
then be caleulated and compared. Un- 
less there has been a consistent bias or 
personal equation on the part of the ob- 
server which tends to make all his mea- 
surements too high or too low, there will 
be a remarkably close agreement between 
the results of the constants caleulated 
from the gross and from the refined 
series of measurements. 

Finally one of the most common criti- 
cisms of the biometric methods is that 
they are complex and difficult to use. 
We have been told seriously by biologists 
that they expect to adopt the biometric 
methods when they shall have been more 
simplified and hence made more suitable 
for practical use. But research does not 


least of 
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tend to become simpler with the ad) 
of science. Since biological phen 
are innately complex, there is no 
hood that the mathematical formula 
quired for their investigation wi 
simplified except in matters of pract 
technique. Criticism of the biome: 
methods on the ground of their diffi 

is merely the glorification of the men: 
lassitude of the critic. 

Let us turn from the answering 
criticisms to things more construct 

If science is to advance at th 
which we desire, another highly pract 
consideration can not be negli 
Many biological phenomena ean 1 
subjected to experimental control 
while the proper study of mankind 1 
be man, human individuals and 
relatives can not be investigated 
same manner as white rats and Dros 
ila. While man may be the most 
spicuous illustration of an orga 
which can not be studied in a broad ¥ 
under controlled conditions, the exa: 
is not unique. In innumerable eases | 
statistical study of masses of data 
not only properly, but must necessa 
replace controlled experimentation 
hope to show later that in such cases | 
experimental and the statistical met! 
are in essence identical. 

Even where refined experimentatio 
possible the biometrie methods are 
ticularly suited to reconnaissance w 
In the search for the relationshi; 
tween different variables the statis‘ 
analysis of large masses of comparatis 
rough data may indicate the plac 
which carefully controlled experime 
may and should be made. Finally, ait 
biological problems have been sub) 
to as close experimental control as | 
sible, the results are generally so irreg 
lar as to make biometric analysis 
sirable. 

Let us consider briefly, in review, t 
claims of the biometric methods to 1! 
attention of biologists. 





First: The biometric notation makes 
possible the expression of the results of 
extensive experience in concise and men- 
tally comprehensible terms. 

This matter of the form of expression 
ig one of far greater importance than 
might at first be realized. Rapidity of 
progress in any branch of science must 
depend very largely upon the facility 
with which the data and conclusions of 
a new investigation can be compared 
with those already on the library shelves. 
It is by the reoccurrence of like results 
that general theories are established. It 
is by the noting of inconsistencies and 
the cireumstances under which they oc- 
eur that indications of as yet unsus- 
pected relationships are often seen. 

There can be little doubt that the 
rapid advance of physics and chemistry 
has been due in no small degree to quan- 
titative and standardized modes of ex- 
pression. 

If the physicist or chemist wants a 
solubility, melting point or conductivity 
of any substance, he has merely to turn 
to volumes of constants to find whether 
it has been determined, and if constants 
are available, whether the recorded re- 
sults accord with his own. An investi- 
gator has been able to draw upon a com- 
mon fund of knowledge to a greater ex- 
tent and with greater ease than in bi- 
ology. Thus synthetic work has been 
facilitated. 

In its bearing on the problem of the 
simplification of scientific literature, con- 
sider for a moment the state in which 
biology would have been to-day had it 
not been for the Linnaean notation by 
which species may be designated by a 
simple binomial instead of by a cumber- 
some description whenever mentioned. 
The value of this relatively succinct 
notation becomes especially apparent 
when we contemplate the vast harm 
which has been done to scientific research 
through the unwillingness or inability of 
taxonomists to maintain uniformity of 
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nomenclature. 
been 
simple expedient, imagine the rapidity 


Then in view of what has 


accomplished by this relatively 


of advance which will be possible when 
a quantitative mode of 
mits the results of many fields of biolog 


expression per 
ical research to be summary. ed In annual 
volumes of standard constants. I, per 
sonally, am inclined to look upon the 
publication of 
the rat, in which the experience of 


Donaldson’s volume on 


whole institution of workers is summa 


rized in quantitative terms, as a real 
milestone in the progress of biology. 

Second: The biometric formulae pro- 
vide a system of probable errors which 
safeguards the worker in the formulation 
of his conclusions. Biometricians have 
referred so freely to probable errors that 
critics have facetiously suggested that 
biometry is chiefly error. But frankly 
and candidly, if a given set of observa- 
tions are insufficient to demonstrate a 
relationship, is it not better that the in- 
vestigator the himself 
rather than publish erroneous conclu- 
sions which must be corrected by subse- 
quent research ? 

Third: The biometric methods furnish 
not merely a system of mentally compre- 


discover fact 


hensible constants and concise equations, 
suitabie for the deseription of complex 
phenomena, and a series of probable 
errors which safeguards the worker in 
drawing these 


phenomena, but they make possible the 


conclusions concerning 
investigation of relationships so intricate 
and so delicate that they are quite be- 
yond the scope of unaided observation. 
Here the biometric methods have a po 
tentiality for service analogous to that 
of the equipment of the modern observa- 
tory, which is capable of dealing with 
stellar that 
imagination a century ago or to that of 


phenomena were beyond 
modern microscopic equipment and tech- 
nique which have given rise to whole 
sciences of microcosms which were be- 
yond the ken of 


Linnaeus. To argue 





150 THE SCIENTIFIC MONTHLY 


that it is unnecessary to push on into sentially the same nature as th 
the investigation of these more recondite tained by the experimental n 
relationships is as contrary to the spirit often in cases in which strictly 
of science, as reactionary, as to argue mental technique can not be read 
that it were better to have stopped with plied. 
Galileo instead of advancing to the re- Fifth: The biometric formulae fur 
finements of modern astronomy through the best means as yet available f 
the development of instruments and _ dicting the value of one variab! 
mathematical theory. another, or from a series of others 
Fourth: For many classes of problems is due to the fact that it is possil 
the biometric formulae applied to large pass at once from measures of int 
masses of data furnish the closest pos- pendence in terms of the uni 


sible approximation to the experimental comparable scale of correlation 


method of investigation. gression equations showing the 1 
The experimental method, as ideally change in terms of the actual \ 
applied, consists essentially in the sim- scale of any variable associated w 
plification of conditions by rendering other, or others, whose values are k 
constant all but one. This one factor The great theoretical importa: 
is then varied and its influence upon the this feature of the biometric m 
organism is noted. In certain phases of will be realized when we remember t 
statistical analysis an essentially iden- the test for the validity of a theory 
tical method is followed, when we deter- capacity for predicting the unknow 
mine what is called the partial correla- The foregoing treatment in out! 
tion between two variables for constant may have been disappointing to 
values of one, two or more other who have expected argument by illust 
variables, tion of specific accomplishment. 
For example, the basal metabolism of method has been followed becaus: 
tall men is on the average greater than biological contributions which hay 
that of those of less stature. Heavy ready been made through the use of 
men also show a higher daily gaseous’ biometric methods are now so larg 
exchange than light ones. But taller no one man, even with unlimited s 
men are on the average heavier men, can be expected to summarize 
and it seems quite possible that the This is true, notwithstanding the 
larger basal food requirements of taller that the number of workers who 
men is merely the resultant of the re- persistently stood by the biometric g 
lationship between stature and body during the long and discouraging j 
weight on the one hand and between of general biological indifference ¢ 
weight and metabolism on the other. counted on the fingers without using 
The biometrician solves such a problem the digits of the hands. 
statistically by determining the partial 
correlation between stature and metab- III. THe More Generau SERVICE 
olism for constant weight, i.e., with the MATHEMATICS IN BIOLOGY 
influence of body weight eliminated. It would be unfortunate to bring t! 
The experimentalist would have to at- paper to a close without emphasizing 
tack the problem in exactly the same both certain limitations and cert 
manner. wider services of mathematics to biolog) 
Illustrations might be given by the The biological universe is all but 1 
score of the analytical treatment of sta- finitely complex. It is not conceivab! 
tistical data which gives results of es- that all biological phenomena will | 





own 


outlin 


treated by mathematical methods. All 
that is necessary, however, is that the 
mathematical methods of research be so 
developed that they may be applicable 
to any biological problem. 

Nor must there be misunderstanding 
concerning the desirability of an un- 
broken front comprising all the methods 
of research in the attack on the complex 
nroblems of the biological universe. In 
biology evolution of scientific method 
has been of surpassing rapidity. De- 
scription was deserted when comparison 
became the order of the day. The mines 
of comparative morphology were in part 
abandoned when the ery was raised that 
experimentation was uncovering solid 
nuggets. The problems of biology are 
so numerous and so varied that no 
method of research can be permanently 
disearded. Observation can never fail 
to be the cornerstone of biology. The 
task of classification is only partly com- 
pleted, even by those methods which 
were in use at the time when it was 
the major interest of naturalists. Tax- 
onomy must profit by and ultimately 
incorporate all the pertinent facts un- 
earthed by the newer methods of re- 
search. Comparison can never fail to 
yield results of importance. But all 
these methods may now be made more 
refined and exact by the introduction of 
mathematics applied to the description 
and analysis of quantitative data. 

In closing, I would like to return to 
the broader subject of mathematics in 
biology and to emphasize two points. 

My first point is in the nature of a 
prophecy. 

In the future mathematics will have 
an increasing influence in determining 
the direction of research. 

This is not due solely to the fact that 
the biometric formulae facilitate the 
solution of many problems but to the 
fact that after a certain stage in science 
is reached, calculation is to some degree 
capable of anticipating the results of ex- 
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perimentation. The value of the mathe- 
matician’s prediction is well known to 
the physicist, chemist and astronomer. 
As yet little progress in this direction 
has been made in biology, but I am glad 
to go on record as predicting that before 
many years have passed ex 

tion will be to a consid 
guided by preliminary 

My second point has to ds 
very different matter. 

Elegance or form has always made a 
powerful appeal to the mathemat 
As the biologist is fo 
table progress of his sei 
himself more and more 
eal literature, its logic 
elegance of expression must have an in- 
fluence upon his own standards of pres 
entation. 

Summarizing in a few sentences 
may note that mathematics is driving 
into biology on two wide fronts 

On the one, physics and chemistry are 


by virtue of their influence upon biolog- 


ical research forcing biologists to take 
over the mathematics which is an indis- 
pensable part of these sciences. On the 
other, biometry is grappling with prob- 
lems which are not readily amenable to 
experimental treatment. 

The possible contributions of mathe 
matics to biological science are too 
varied to be succinctly summarized. We 
must, however, record our entire dis- 
agreement with the dictum that mathe- 
matics is only a mill from which no more 
comes out than was originally put in. 
What is put in is raw data, the signifi- 
eance of which is obscured by all the 
perplexing irregularities due to morpho- 
logical and physiological variation, to 
errors of random sampling and to 
errors of measurement. What comes out 
is a series of mathematical constants and 
equations, epitomizing in mentally intel- 
ligible form the whole discordant mass 
of irregularities and smoothing them in 
a manner to bring out the underlying 
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laws. To assert that the value of a bio- 
metric research is determined by the 
raw biological data is not altogether un- 
like measuring the value of a Titian by 
the grams of paint required to cover the 
Canvas. 

It has been the rare good fortune of 
Quetelet, Galton and Pearson to initiate 
one of the great lines of advance in 
biology. These men will one day re- 
ceive from biologists recognition as free 
and generous as their great service 


merits. As for the rest of tl 
handful of workers who have ma 
the biometric school, it has b 
satuusfaction of a few never to 
stepped back from the guns during 
long and discouraging years of 
ical indifference and opposition. 
The ultimate recognition of n 
matical biology is merely a part 
inevitable and irreversible evolut 
process by which biology is to tal 
place in the ranks of the exact sci 





AMERICAN OVER-SEAS CARRYING TRADE 
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More than half the ships entering 
ports of the United States in 1790 wer 
American. Only England offered serious 
competition.» Just before the Civil 
War, the tonnage of the United States, 
including ships engaged in domestic 
commeree, was not far from one third 
the total tonnage of the world; Great 
Britain accounted for another third; 
the tonnage of all other countries, taken 
together, scarcely surpassed the Ameri- 
can. The merchant fleets of the United 
States exceeded by half the number 
necessary for the carriage of exports and 
imports.2 A poor, new country, during 
the first seventy years of its life, held a 
leading position among seafaring na- 
tions. But a startling decline occurred 
in the next half century. Just before 
the World War, the overseas shipping 
of the United States had shrunk to a 
scant one million tons—compared with 
England’s eighteen million tons !* 

During the World War the tonnage of 
the United States engaged in foreign 
trade increased enormously. A _ scant 
million tons in 1913 became nearly two 
and one half million in 1917, and by 1921 
the foreed draught of wartime construc- 
tion, continuing into the post-war years, 
had produced a total tonnage engaged 
in foreign trade of more than eleven 
million.* But this great expansion was 
purely an artificial growth produced at 
great expense. At Hog Island, the 
largest of the war plants, the cost of con- 
struction varied from month to month 
between $125 a ton and $200 a ton for 
the hull and a similar amount for the 

1 Johnson, Emory R., (and others) ‘‘ History 
of Domestic and Foreign Commerce of the 
United States,’’ Vol. ii, p. 11. 

2? Day, Clive, ‘‘History of Commerce,’’ 1922, 
p. 526, 

* The Statesman’s Year-Book. 1926. 

‘Lloyd’s Register of Shipping, 1925. 


; 
? 


machinery. At the 
were being built on the 


same 
River C 
a cost amounted to on 
one third of the American 
After 1920 this war-tonnage 
idly out of use, and, in spite of the 
activities of the U. S. Shipping Board, 
the tonnage of ships built and doeu- 
mented in the United States appears to 
have returned to prewar levels.° 

The point of greatest interest, how- 
the history 


which 
figures 


went 


ever, in this brief recital of 
of the foreign-going* merchant marine 
of the United States is the spectacular 
suecess achieved in the years which lie 
between the founding of the nation and 
the Civil War and the even more strik- 
ing decline in per capita overseas ton- 
nage between the Civil War and the 
Great War. 

What behind a 
gaining a leading position in the carry- 
ing trade, and then suffering a complete 
collapse—all within little more than a 
century? What do the historians say? 
The almost rank early 
American overseas carrying trade is ex 


causes lie nation’s 


growth of the 


plained in terms of ready cargoes, excel- 
lent harbors and abundant shipbuilding 
and 
points of argument, but their 


materials. These are strong sel f- 
evident 
strength melts instantly when one re- 
calls that they lost entirely their effee 
after the the 
If harbors, cargoes and ship- 
include all of the 


American 


tiveness sixties of past 
century. 
building materials 
eauses of the early rise of 
shipping, it is necessary in explaining 
its subsequent decline to show that one 
or more of those factors disappeared—a 
stiff task. Good harbors remained, and 

5 ‘* Statistical Abstract of the United States,’’ 
1926. 

® The lake, river and coastwise trade is re 
served by law to ships of American registry—it 
is a domestic monopoly. 
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few would agree that cargoes were less 
abundant. It does appear, however, 
that radical changes in ship construction 
came with the decline in tonnage which 
it is so hard to explain. Ships of metal 
began slowly to take the place of wooden 
vessels. Steam instead of sails became 
the propelling force. But the United 
States was as rich in coal and steel and 
engineering skill as ever she was in wood 
or in the art of sailmakers. High wages 
drove American ships from the ocean.’ 
True enough, but what made wages 
high?* Other explanations are offered 


for the sharp decline in foreign-going 
tonnage following the Civil War: Steel 
and steam becoming established in ship- 
ping while America was in the throes of 


civil war—or recovering from the effect 
—England took advantage of her diver- 
sion and won a lead which it was impos- 
sible for Americans to overcome.® This 
argument loses foree, however, when one 
recalls that Japan’s merchant marine 
was developed almost entirely in the 
past fifty years—establishing clearly 
that a time handicap, however great, is 
not fatal when conditions fundamental 
to the growth of a merchant marine are 
present. A collateral explanation of the 
almost total disappearance of the Amerti- 
ean flag from the high seas, after the 
Civil War, is that privateers flying the 
Confederate flag destroyed so great a 
proportion of the American tonnage that 
her citizens could not make good the 
loss.1° But this explanation seems to 
assume that the ratio of loss to total was 
greater than the proportion of British 
ships which fell victims to German sub- 
marines and cruisers during the World 

7 Oberholtzer, E. P., ‘‘A History of the 
United States since the Civil War,’’ p. 214. 

8 It was mainly the opening of the West that 
ran up wages—and furnishes the pivot (see 
below) of our theory of the decline of Amer- 
ican shipping. Both are the result of one 
change, the opening of the vast new economic 
opportunities. 

® Cf. Oberholtzer, E. P., ‘‘A History of the 
United States since the Civil War,’’ p. 214, 7. 

10 Day, Clive, ‘‘A History of Commerce,’’ p. 
558. 


War; for that loss was completely r 
ered, and no one pretends that it | 
permanent effect upon the pri 
British shipping. The war loss of G 
Britain was 7,379,986 tons—mor 
the entire merchant fleets of an) 
other nations." No; we must | 
where for an adequate explanat 
both the rise and fall of the Am 
overseas shipping business—and 
rion for judging its future trend 

Most commonplace things are 
spicuous. <A well-known trick 
mind relegates them to oblivion. | 
way it has been generally over] 
that man is not a marine animal 
is content to remain ashore so long 
ean find a living there. Nations d 
develop an overseas carrying trad 
they are forced to. Flying fish k 
flying to save their lives. Bats devel 
wings and took to the air by ne 
Whales, which the biologist tells u 
mammals and by nature land ani 
went down to the sea in droves 
under compulsion. Men went dow 
the sea in ships only when they coul 
make a living upon dry land. We of 
as a hypothesis of the development « 
overseas carrying trade the proposit 
that nations do not develop mere 
fleets until other opportunities for | 
hood have become overcrowded. Let 
see how far it goes toward explaining t 
rise and decline of the merchant ma 
of the United States. 

In its early years the United St 
was a poor, slight nation.2? Thirt 
miserably endowed agricultural stat 
strung loosely along fifteen hw 
miles of coast line, the western part 
many of them was little better than 
wilderness.** With land transportat! 
what it was in that day, these states ap- 
peared to be hopelessly hemmed in 
tween the sea and the great Appalach' 


11 Fayle, C. E., ‘The War and the Shipping 


Industry,’’ p. 418. 
12 ‘Cambridge Modern History,’’ Vol. 7, 7! 
United States, pp. 305-688. 
18 McMaster, John Bach, ‘‘A History of ! 
People of the United States,’’ Vol. 1, p. 3. 
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barrier. The center of population was 
twenty-three miles east of the city of 
Baltimore.** As late as 1800 there were 
only six ‘‘cities’’ with a population of 
more than eight thousand inhabitants.’ 
In contrast with the present, it was esti- 
that nine tenths of the people were 
Even in New England, where 


mated 
farmers. 
such meager industries as existed were 

ntered, only one eighth of the people 


were employed in manufacture, trad 


i 


id pursuits other than agriculture." 
Even agriculture was badly carried out 
and the yield was often slight. Wash- 
ington wrote to an English agriculturist : 
‘The English farmer must have a very 
ndifferent opinion of our American soil 
when he hears that an acre of it produces 
no more than eight to ten bushels of 
wheat ; but he must not forget that in our 
country where land is cheap and labor is 
dear, the people prefer cultivating much 
to cultivating -well.’’ Clive Day says of 
manufacturers in the United States at 
this time that only one—the manufacture 
of rum—was strong enough to produce a 
considerable surplus for sale outside of 
the country, and that all manufactories 
were of a simple character requiring no 
great technical skill or elaborate ma- 
chinery.2*7 Roads, which furnished the 
only means of communication and trans- 
portation by land, were the dirt roads of 
the colonial period, thick with dust in 
summer and sloughs of mud a foot or 
more deep during the thaws of winter 
and spring.“* Wagons were nearly 
everywhere a rarity. Sledges were used 
on the farm. Persons and products 


14 Reuter, E. B.,‘‘ Population Problems,’’ p. 19. 

15 Reuter, op. cit., p. 36. 

16 Day, C., ‘History of Commerce,’’ p. 472. 

17 A slight oversight appears here. Further 
on Day ealls attention to the fact that one third 
of the British merchant tonnage was American 
built. Here certainly was a ‘‘considerable sur- 
plus’’ sold outside the country—in the manu- 
facture of ships. 

18 MacGill, E. C. (and others), ‘‘History of 
Transportation in the United States before 
1860,’ pp. 54-60. 
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even am lé 
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Early mills in 
ory of some Imml- 
grant—even the 
workers 
One industry, however, shipbuilding, 


was pr 


was encouraged by British legislat 
The colonies supplied n 

need for ships but sol them 
Before the Revolution more t 
of the British tonnage, it was 
was American built.**" In Massachus 
towns, a ship could be built 


anat 


$24 a ton, while in England, 
the Netherlands an oak vessel e 
$60 a ton.** Even fir vessels, bu 
the Baltic, 
ability, cost $35 a ton.*® 
Here then wi 
states, strung | 
line, hemme: 


inferior in strength and dur- 


have a 
farming 
Atlantie 


sea and 


coast 
mountains*°—in fine, situated 
19 Day, op. cit., p. 486. 

20 Bogart, E. L., ‘‘ E 
United States,’’ pp. 43-4. 
cit., pp. 134-136. 
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21 Bogart, op. 
22 Clark, V. S.. 
the United St ites, 
23 Fiske, John, ‘‘The Crit 
American History,’’ p. 1 
24 Bogart, op. cit., p. 52. 
25 Day, C., ‘‘ History of Comme 
26 MacGill, C. E. (and others 
of Transportation in the United States before 
1860,’’ pp. 3-4: lge Mo 
tory,’’ Vol. 7, pp. 53-5. Fear, especially 
Indians, added to the effect of the 
mountain barrier in confining people to the 
coast. See Mafvin, W. L., ‘‘The American 
Merchant Marine,’’ p. 1. 
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geographically and economically much as 
the ancient Phoenicians on the western 
shore of the Mediterranean and the 
modern Norwegians, and, like the men of 
those two most intensely seafaring na- 
tions, early Americans went to sea, not 
because it was ‘‘in their blood,’’ but 
because there was little else for them to 
do—save difficult farming.** They built 
up a merchant marine which rivaled 
Great Britain’s—then as now, the largest 
in the world. The American flag was 
seen beside the British in every port. 
Came a great change, this weak, 
loose-knit string of states became in a 
short space of time a broad empire: the 
Appalachian barrier was punctured— 
the most important event in American 
history after the Federal Constitution.** 
Turnpikes and canals were the early 
outlets or punctures: The Cumberland 
Road, the first public improvement un- 


dertaken by the federal government; the 


Wilderness Road; the famous Erie 
Canal, which made New York the com- 
mercial center of the nation, and the 
Delaware and Chesapeake Canal. The 
Cumberland Road, opened in 1818, was 
a great national enterprise; the Wilder- 
ness Road was mainly what constant 
ravel made it.?® The first boat passed 
through the Erie Canal in 1825.°° Then 
eame the railroads—though the great 
east-and-west lines were not completed 
until after the Civil War. Railroads 
finished, in effect, the flattening out of 
the barrier which stood between the pov- 
erty stricken United States of Washing- 
ton’s day and its richly abundant future, 

27 It is noteworthy, though the point should 
receive thorough investigation before it is taken 
fully into account, that in Virginia where 
farms were rich and broad, there were few 
home-owned ships, save bay and river craft or 


fishermen. 

28 Cf. ‘Cambridge Modern History,’’ Vol. 7, 
‘*The United States,’’ pp. 687-696. 

29 MacGill, E. E. (and staff), ‘‘History of 
Transportation in the United States before 
1860,’ p. 7. 

80 Cowdrick, E. 8., ‘‘Industrial History of 
the United States,’’ p. 118. 
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which in the whirligig of time beea: 
background of an unexampled « 
power. Railroads made the west 
pletely available. 

So formidable did the App 
divide appear to the eyes of ‘‘th 
ers’’ that sober men, Washington 
Jefferson**—and later so keen an \ 
mist, statesman and business maz 
Richard Cobden**—saw the probat 
of the weak young nation’s breaking 
back upon this rude barrier and b 
ing two separate nations, one erect; 
either side of the mountains. T! 
tablishing of a western empire with 
self upon the ‘‘throne of the Mont 
mas’’ and annexing all territory west 
the Alleghenies, it will be recalled, ) 
the foundation of Aaron Burr’s 
son.** The hopes and fears of these n 
are our warrant for saying that the pu: 
turing of the Appalachian barrier 
the most important event in Amer 
history after the Federal Constitut 
Its effect on shipping was exactly 
our hypothesis would lead us to expé 
People lost interest in the sea and tur 
landward to feast their upo! 
treasure house of economic opportuni! 
open and at hand.** 

Why should youth, during the sixt 
and seventies of the last century conte! 
plate the sea when railways opened 
view and grasp almost limitless fields 
opportunity: the wheat fields of N 
braska, Kansas and the Dakotas, the 
fields of western Pennsylvania, Ohio : 
later, of the Southwest, the corn fields 
Iowa, Illinois, Indiana and Ohio; 
cotton fields of the East-South-Cent 


eyes 


81‘*Cambridge Modern History,’’ py 
Vol. 7. 

82 Fiske, John, ‘‘The Critical Period 
American History,’’ pp. 212-3. 

83 Morse, John T., Jr., ‘‘ Thomas Jefferson,’ 
Chap. xiv. 

34 Cf. Morley, John, ‘‘The Life of Richaré 
Cobden,’’ Chap. iii. 

85 Morse, John T., Jr., ‘‘ Thomas Jefferson,’’ 
p. 249. 

36 Lord Acton, ‘‘ Lectures on 
tory,’’ p. 307. 


Modern His 





AMERICAN OVER-SEAS CARRYING TRADE 


then there were gold fields and 
silver fields, copper fields and vast 
reaches of timber. Youth in America no 
longer looked seaward, but went west. 
The westward movement of population 
was under way as early as 1815. There 
was a light trickle of population over the 
ountains from the beginning; neverthe- 
the American carrying 
trade continued to grow until 1860. But 
**gold rush’’ of 


States ; 


< 


Nn 
Ak 


overseas 


with the exception of the 
1849, there was no nation-wide apprecia- 
tion of westward opportunities until, or 
after, Greeley ’s day, the sixties and sev- 
enties of the past century. 

The hands of engineering genius, 
which broke down the Appalachian bar- 
rier, destroyed also America’s merchant 
marine—by destroying the key incentive 
to the development of an overseas carry- 
ing trade, a scarcity of other economic 
opportunities. Engineers opened the 
way for the development of natural re- 
sources and a great industrial economy. 
Before the progressive process, which 
we have called the puncturing of the Ap- 
palachians, began—a process initiated by 
the opening of the Cumberland Road 
and completed by the final consolidation 
of east-west lines of railway—the United 
States had the second largest merchant 
marine in the world, a carrying trade 
grotesquely out of proportion to eco- 
nomie development in other directions. 
After the flattening of the Appalachian 
barrier, and just before the World War, 
the American flag had almost disap- 
peared from the high seas. It was rep- 
resented by a scant million tons of 
shipping.** Had overseas shipping con- 
tinued to develop even as fast as foreign 
trade (imports plus exports), the United 
States should have to-day a merchant 
fleet of twenty-six million tons.** 
s..”° 


$7 ** Statistical Abstract of U. 1926, 


*8 Foreign trade (exports plus imports) in 
1913 amounted to ($4,278,000,000) twenty-six 
times as great as in 1800 ($162,000,000) when 
the American merchant tonnage was just short 
of one million. 
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is always dangerous and often profitless. 
But 


S¢ lence. The 


Prophecy 
prediction is the purpose 


chemist studies 


and atoms, their qualities and 


so that he may predict what will ! 
when they are thrown together in ec 
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proportions. The physicist studi 
and matter that he may predict the con 
sequence of a certain application of fore 
to matter. 
and other social scientists study hun 


4 


The sociologist, the economist 


interplay so that they may predict how 
men and their nees will 
react in their various relationships. Only 


, 
+} 


social eontriva 


by prophecy, then, can we escape 
charge of futility. 

If we apply the hypothesis that a 
nation develops a notable overseas carry- 
ing trade only when opportunities for 
economic activity are wanting or hav 
become exhausted, it seems patent that 
if the United States is to acquire a mer- 
chant marine to match economic develop 
ment in other directions, the process will 
be a slow one—or an artificial, stimu 
lated growth.*® 

Though outlets 
in the United States are far from being 
exhausted, the first cream 
skimmed, and the second skimming is in 
This exhaustion 


for economic activ ity 


has been 
process of collection. 
or preemption, of economic opportunitis s 
forms the foundation of a present grow 
ing interest in overseas shipping—an in 
terest which in the nineties of the past 
eentury even Senator Hanna, wit! 

singular political power and enormous 


4 


business prestige, was unable to stir up 
Americans of the second quarter of thi 
twentieth century are beginning to look 
seaward; and it that a 
nation which in its infancy competed 
the full 


is coneeivable 


for shipping primacy may in 


strength of maturity compete again. 


Harding and C ige, shrewd 


89 Presidents 
judges of the drift of public sentiment, both 
favored the granting of ship 

40 Croly, Herbert, ‘‘Marcus Alonzo Hanna,’’ 


Chap. xxii. 
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SELECTION AS A FACTOR IN HUMAN 
EVOLUTION 


By RALPH E. DANFORTH 


CHESTERFIELD, 


SELECTION is here used in a very broad 
sense. Millions of words have been writ- 
ten on natural selection Charles 
Darwin’s time, and to these mountains 
of literature nothing need here be added 
save the conviction that natural selec- 
tion of some sort was among the instru- 
mentalities used in making man what he 
is. In spite of changed conditions it will 
always have to be taken more or less into 
account in the changes yet to be wrought 
in man and his world. 

We are just arriving on the threshold 
of selection in its comprehensive and 
most useful form. It is only as man 
trains his selective faculties more highly 
and learns to use them more constantly 
and in all the multifarious departments 
of his personality and his environment 
that his evolution can continue to its 
logical perfection. 

The wizardry of artificial selection in 
the making and improvement of our 
splendid domestic animals, fruits, vege- 
tables, grains and flowers is one of the 
most fascinating themes, one of which 
we never tire, yet it can never be fully 
told, for much of its most thrilling por- 
tion is in the unrecorded past. In honor 
to this great agency, through which we 
possess the foods on which we depend 
each meal of each day of our lives, every 
one with a garden should consecrate a 
few more moments to the selection of 
seeds, and therefore to the study of his 
individual plants to select the seeds from 
the most vigorous, disease-resistant, most 
productive and, above all, those of dis- 
tinguished quality. A very few seasons 
of such selection yield most pleasing im- 
provements, the plants also becoming 
better adapted to your local conditions 
through the generations. Personally I 
grow all my own garden seed, and count 


since 


MASSACHUSETTS 


that the most interesting part of m) 
den work. 

Natural selection and artificial s 
tion possessing such vast and un 
powers, we must realize that in the s 
tive principle, taken a 


as whole. 


untold possibilities, of which we 
only observed a little, and whose 


storehouse of treasures we have 
begun to mine. 

During many ages a wise mai 
and then has suggested the valu 
selecting the thoughts that we thi: 
To-day some suggest that we should rig 
idly select and reject in the matter 
reading. Occasionally we even hear o! 
a person who deliberately selects th: 
vironment in which he eares to live, a1 
who then steadily tries to change it 
make it fit his ideal even more close] 
In fact, the difference between th: 
ceptional person and the average per 
to-day lies in whether he takes 
thoughts as they come, his surrounding 
as he finds them, and acts in the ways! 
quiring the least thought or selectio: 


y 


whether he is esthetic and enterprising 


in these matters. 

Energy must be in livir 
whether we will or no; why not tl 
spend it walking the most beautifu 


y 


spent 


paths to a definite goal, instead of con- 
tinually wallowing to get out of pitfalls’ 


Selection, or the lack of it, will make al 
the difference. Just as one exampl 

this, one man sees much of the race bur 
dened with excessive sex impulses; 
blames the Puritans for it, and says i 
a reaction from their teachings; when, 


] 


he had read more intimately in the 11 


+ 


erature of the past, he would see beyond 


all doubt that the race has always beet 


thus burdened since the beginning of 
history; and if on top of this he would 


158 





SELECTION IN HUMAN EVOLUTION 


stud 


comparing the one species, man, with all 


iv the whole world of living things, 


the other species of animals and plants, 

e would be led to the inference that the 
race had been thus burdened in prehis- 
torie times, ever since the beginnings of 
leisure and the unwise selections in the 
use of leisure. 

Inereased leisure doubtless came to 
man when, threugh his increasing intel- 
ligence, his food supplies were increased, 
stored and otherwise made 
pendable. 

The happiest use of leisure remains 
one of our major problems. Maybe it 
will never be well solved by or for the 
masses. It may often be erroneously 
solved by upper classes. One who knew 
well what is in man said that many 
travel the way to destruction, but few 
the way to life. The few do some select- 
ing, the many do not. 

The solution of one’s leisure problem 
depends on the training and experience 
of his selective faculty. The same is 
true of his problems of work. 

By the method of ‘‘trial and error’’ 
the one-celled protozoan, like the aver- 
age man, flounders around in a hit-or- 
miss fashion. 

The exceptional man selects his 
thoughts and his acts and thereby builds 
for himself a fortune, a garden or an 
education. One person has a fine char- 
acter: it was made by judicious selec- 
tion. The old book of Deuteronomy 
tells us that life and good and death and 
evil are spread out before us, and coun- 
sels man to choose life, that both he and 
his seed may live. Selection, and unre- 
lenting selection, each day and at every 
turn in life, is a part of the price one 
must pay to live well. 

Keen perceptions, good powers of ob- 
servation, clear vision, both physical and 
mental, seem essential to judicious selec- 
tion. Unfortunately not every one is 
naturally gifted in these respects. This 
doubtless is responsible, in part, for the 
Searcity of those who exercise selection. 


more de- 


The present, the near and r 
loom bright to those thus ¢g 
even possess such eclearne ss of 
unerring 

savor of the spiritual, of 
starlight or sunlight, fr 
ordinary horizon. 

Genius strikes our race 
prising forms. The well-rounded man 
should be a genius in every trait which 
lasting worth. The future 
evolution of man must produce some 
ideal human beings. Elimination 
doubtless be very effective in raising the 
The elimination, in some 


] 
almost 


such 


pe SSeCSSECS 
will 


general level. 
way or other, of the many who have eyes 
but will not see, and ears but will not 
hear—who will neither nor 
select aright in the important things of 
life—is both scriptural and highly scien- 
tific. In the improvement of men or 
fruits or flowers by selection, the very 


perceive 


best are considered, the rest are disré 
garded. But it is all too easy to err in 
such discriminations. The 
stone or the lost sheep may prove truly 


neglected 


superior, and at the same time prove 
how defective is our judgment in these 
matters. Yet there doubt 
that there are countless human dogs that 
never appreciate things choice or holy, 
and human swine who would but trample 
on the rarest pearls of thought or action 


ean be no 


and do injury to those offering them the 
opportunities. 

The human tree which can not by its 
intrinsic nature bear good fruit is hewn 
down. Pruning, 
and moral suasion can not, we ar 


fertilizing, educating 


To avoid 
the possibility of wronging any through 


do the trick, in many eases. 


errors of judgment, the whole human 
race should be given opportunities to 
show what they are, and what they may 
become under favorable circumstances. 
But this very act will requir 
restraint of hordes of vicious, bad folk 
whose deeds, and whose very existence 
are so wicked as to prevent the 
treatment of the worthy. Far 


forceful 


lair 


more 
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human souls have been hurt by the 
wicked than by errors in judgment of 
the well-meaning. 

Selection of environmental factors is 
of tremendous importance in the con- 
tinued evolution of man. Selection of 
hereditary characters is, of course, more 
fundamental, but the environment is 
often all too potent in repressing the 
best traits, or rendering impossible the 
exercise of choice gifts. The very best 
surroundings possible can be none too 
good for the development of the ideally 
gifted man. There is an old saying; the 


greater the man the greater his tempta- 
tions; so that I fancy that such superior 
beings as may be developed in future 
will have enough to try them, enough to 
develop their characters, even in the best 


of environments. 

Our surroundings in this world can 
hardly be too carefully selected, too com- 
fortable, too healthful, too beautiful, too 
inspiring. Even when the ideal in these 
matters has been approximated, the 
greater constructive tasks, which shall 
by then have arisen, will be enough to 
tax to the utmost the larger powers of 
the men and women of the time. Such 
times will not be dull and monotonous, 
as some are wont to predict, but will be 
beyond our present power to conceive in 
interest, in difficulty and in rewards. 
Alarmists have always abounded to warn 
of the dangers of the great waves or mile- 
stones in human progress. Many were 
those who predicted evil from the wide- 
spread introduction of machinery and 
inventions and discoveries. Numberless 
scholars in past times have conscien- 
tiously opposed the education of the 
masses. 

Our civilization is advancing to 
greater heights at a speed unknown in 
former times. This is due to greater 
concentration and larger cooperation 
along constructive and scientific lines. 
In these constructive enterprises the 
demand for really first-class men is more 
than double the supply. The rapid im- 
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provement of our environment r 


a greater supply of such superior 
sonalities; therefore, in order t 
this greatly desired improvement in 
environment we must find a way to: 
the caliber and increase the number 
truly first-class people. The work 
not be done rapidly and efficiently wi 
out them. We are all convinced that 
surrounding conditions of life must 
improved. We sometimes even 
person who finds fault with other 
Something or somebody must bh 
proved. The development and impr 
ment of our constructive and scient 
civilization, therefore, is one of our 1 
visible for selecting mor 
better organizers, creative workers, s 


motives 


tifie thinkers, inventors, seers. 

True however, 
man, rather than man for progress. 
our present stage of development, | 


progress, exists 


ever, it is easier for most people to r 
the need of improving our surroun 
than to see the need of changing 
himself. This does not matter as 1 
as might seem to some, for both the 
proved environment and the impr 
race are absolutely necessary, and 
one can not be had without the 
Try as hard as we may to improv: 
surroundings, we are up against a | 
wall, so far as really lasting imp: 
ments go, unless we also improve th 
provers. Many of our fondest edu 
tional schemes have proved but emp' 
bubbles. Hundreds of brains have t 
for years over social and political 
ceas which have but crumbled to a 
No amount of digging and educat 
fertilizing and training, cultivating 
pruning will make a valuable and 
ful orchard if the trees in it are intr 
cally or innately inferior or medi 
We can not get good fruit from bad t: 
nor good results from inferior pe 
There is no educational nor politi 
panacea to fit their case. 

A corrupt society, a mistaken, | 
superstitious and erroneous atmosp) 
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will always surround foolish or semi- 
‘golish people. This hazy mental atmos- 
nhere not only surrounds such social 
ore ups, it emanates from them. It isa 
natural by-product of their mental me- 
tabolism. All of us, unfortunately, have 
some of their blood in our veins; while 
the average man has far too high a per- 
entage of it. 

It ean hardly be said that there are 
any human thoroughbreds ; even the best 
nd smartest families on earth have 
made too many errors of judgment in 
their matings. In searching their an- 
eestry they do not have to search far be- 
fore running across some careless, im- 
pulsive matrimonial blunder, and an 
ancestor has been added to the line who 
brings more of burden than uplift to 
his or her descendants for indefinite 
generations, until, by chance, the genes 
are so divided up that some descendant, 
more fortunate than the rest, may fail 
to get one or more of the undesirable 
hereditary traits. But he is equally 
liable to fail to get some of the best 
traits. 

We will have to grade up from the 
best ‘‘grades’’ we have, in our effort to 
produce more intelligent, more beautiful, 
more disease-resistant, more altogether 
superior human beings. What better 
ean we do if there are no true thorough- 
breds? Is it possible? 

Fortunately, some of us wholeheart- 
edly believe in a great personality who 
created all the heredity scheme, and 
everything else in the universe. We be- 
lieve this all-perfect and all-powerful 
Being ean make possible to those who 
believe, and who add to their faith works 
—(to the utmost of human knowledge 
and power)—many things which might 
otherwise be impossible without such 
faith and knowledge and works. If we 
do not use what brains and what science 
we now possess toward making better 
brains in the future and better science, 
we may expect to have what brains we 
have and what knowledge we possess 
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} 1 } 
+. nt } | 
one taicl ld 


like the 


and our opportunities given to 


taken away in a 


napkin 
those more worthy and more gifted than 
ourselves 

Could it be possible, we repeat, by 


judicious selection on the part of the best 


grades’’ to grade-up, and even- 
real 
For answer take a look at 
done in fruits, 
grain, starting only with wild grasses, 


human ‘* 
tually to produce 


thoroughbreds? 
what has been 


flowers, animals and 
wild beasts and weeds. 

gut there 
painstaking selection, even indefatigable 
study of the organisms in the process, 
leaving no trait unobserved, unsought or 
ill-considered. So it must be with the 
human pedigree. Most patient selection, 
and—far more rejection. 

In this matter of selection there are 
certain relations between pedigree and 
performance which are very simple and 
yet ignored entirely by many. Indi- 
vidual traits and individual performance 
are well worth considering. No fine per- 
son could wish to marry any one who was 


has been much selection 


not entrancingly lovable, of fine appear- 
ance, strong, highly intellectual, clean 
physically and mentally and morally, 
full of life and fascinatingly interesting. 
Such a person would never care to marry 
a paper pedigree, but would require to 
fall in love with a real person whose in- 
dividual personality and individual per- 
formance excited admiration and in- 
spired love. But such a superior indi- 
vidual is pretty sure to be the product 
of many fine ancestors whose individual 
performance records average very high. 
Very well; let this pedigree be studied 
with painstaking care and patience, and 
if it be so proved, then to one’s persona! 
estimate of the lovable individual is also 
added a substantial guarantee that in 
this individual is a solid, substantial 
worth that will show itself both through 
the years that are ahead and through the 
ages yet to come, a foundation of lasting 
worth on which may be built vet fairer 
mansions for the souls of future men 
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who will look back to you, their fore- 
bears, and truly honor their fathers and 
their mothers, that their days may be 
long in the glorious land which the Lord 
their God is to give them. 

Performance to-day is pedigree of to- 
morrow. This is one of the simple rela- 
tionships between pedigree and per- 
formance. Your performance to-day 
actually becomes part of your offspring’s 
pedigree. Your individual performance 
record is a very substantial part of your 
individuality. It is very largely what 
you will be judged by by your great- 
great-grandchildren. The great-great- 
grandchildren of others will look it up 
in estimating your descendants. This 
will be done far more in the very near 
future than it is being done now. It is 
a part of the rapidly growing scientific 
lore of to-day which will become a part 
of the life of to-morrow. Many new 
things which we barely reach toward to- 
day will become deeply ingrained in the 
life of to-morrow. As tomatoes and 
oranges but a short time ago were tasted 
sparingly by a few of our forebears, but 
to-day are part of our substantial diet, 
and as electricity, steam, gas-engines and 
airplanes come rapidly into integral rela- 
tionship with former essentials of the 
foundations of our life, so also will many 
other ideas and practices which to-day 
seem a bit hazy to some, or entirely be- 
yond us to others. 

So that even though the ancestry of a 
high-grade human being of to-day may 
not be altogether to his liking, let him 
remember that so far as he or she indi- 
vidually is concerned he can make his 
own personal part of his children’s pedi- 
gree very excellent. This he will do by 
an individual performance record of the 
highest order both in what it omits and 
what it includes. He will sedulously 
omit everything from his life and even 
from his thoughts which a far more scru- 
pulous generation than our own might 
take exception to. He will include daily 
deeds of such nobility and worth to his 
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generation as to raise him greatly in } 
esteem of God and man. He will 
to the utmost of his ability, to his edy 
tion, to his physical strength and hy 
and appearance, to his material w: 
as so much added power for good, t 
success in business, in his professior 
as a statesman, to his capacity for se. 
both to man and to the Kingdom of | 
—in short, to his whole physical, m 
and spiritual make-up. With this | 
individual performance record eve1 
his aim he will go forward and upw 
along the path of life more joyousl; 
more richly than his less gifted 
panions who may be piodding along: 
selfishly and without the forward 
into the better ages yet to come. 
Selection demands our attentior 
every turn. Selection in the import 
things, selection in the little things, s 
tion every moment of life. As the w 
song-bird must keep its eye ever ope: 
a hundred creatures of the earth a1 
that are ready to do it harm, and at t 
same time seeks most skilfully for 
for itself and for its young, and 
rejoices with full heart in all the | 
ties of nature around it, so man |! 
select and to reject or avoid, in 
things and in the most important, in his " 
daily and hourly habits and in th Py 
preme and unique crises which may « 
but once in a lifetime. Woe betid 
luckless one who on an impulse enters 7 
blindly the great crisis of life and th: a 
away his birthright. 


s 


Foolish also is that man or wo! ' 
who, either before or after the - 
event of marriage, squanders waste! 7 
the sublime energies of life’s sacred fires er 
Biological science of to-day reveals 1! . 
greatness and sublimity of these vast th 
productive forces. Such a trifler brings a 
to life’s sacred altar but the fag end a 
a worn-out potential parent, and 
often deprives his offspring of - 


choicest free-gifts of the universe, gilts Do 
which no after education or wealt! 
food or medicine or travel can ever re 
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place. The big deception of it all is that 
persons think they are marvelously en- 
riching their lives by what really robs 
them of life’s hidden wealth. Some of 
the biggest lies are ever being sown the 
world around by people who ought to 
know better, and by some who do know 
hetter but delight to deceive themselves 
and others. Selection will deal roughly 
with all suech—some day, ‘‘if not be- 
fore.’’ 

Happy the person who from infancy 
begins to select beautiful interests—flow- 
ers and birds, mossy rocks and sunny 
fields, butterflies and crystals, mountains 
and stars, poetry and music! Twice 
happy the child who, in addition to these 
wholesome, growth-giving environmental 
factors, comes up also in an atmosphere 
of stimulating religion! Whatever may 
be said in favor of the various great re- 
ligions of the world, there seems to be 
but one that offers incentive to personal 
development, physical, mental and spir- 
itual, along most wholesome, natural 
lines, to a goal of absolute perfection and 
divine completeness and power and 
righteousness, peace and joy. Other re- 
ligions may have their excellent points, 
or the reverse, but no other furnishes the 
incentive and stimulus to the highest en- 
deavors and attainments foreshadowed 
in the dominant religion of the leading 
civilizations of the most scientific and 
progressive portion of the human race 
to-day. 

The child brought up in an abundance 
of pure air, with much outdoor life and 
direct sunshine, plenty of fruit, vege- 
tables and milk all through the year, 
with steadily growing interests in na- 
ture, and living in a home atmosphere of 
the highest mental and spiritual stimuli, 
will early have his selective faculties de- 
veloped and strengthened. 

By constant daily use the selective gift 
may grow, under the best guidance, to a 
point of unerring accuracy almost un- 
canny, almost supernatural. On reach- 
ing youth, and later on reaching matur- 
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ity of full manhood and womanhood, 
people thus fortunately conditioned 


would choose, as by second nature if not 
truly by first nature, those interests and 
occupations, those and 
thoughts, those places of amusement and 


companions 


those 


exercise, and finally 
and life-partners which would be alike 


prot ssions 


most beneficial to themselves and to th 
They would naturally shrink or 
from all 
thoughts, practices and associations, be 


and foolish 


world. 


recoil destructive or wasteful 


repelled by vicious factors 
impulses from 
from without. 
them. 

weakness would 
personality. As individuals, 
curves, correctly plotted, would 
turn up toward the infinite zenith. 


within or suggestions 
The 
Gloom, despondency 
part in 


unsavory would es 


cape and 
their 
life 
s00n 


As 


families, through the generations, pro- 


have no 
their 


gressive improvement toward a race or 
group of ideal people in beauty and per- 
fection of body and also of mental and 
spiritual and 
would be theirs. 


endowments activities 

It is wise selection which makes one 
man rich, while the lack of it 
other man poor; one man strong, while 


finds an- 


another is weak; one man radi ntly joy- 
ous, while another is sad. 
Each 


stantly and continuously the 


individual, in selecting con- 
elements 
which make up his environment, associa- 
tion or companionship, and the stimuli 
of his thoughts, may make the most or 
the worst of what 


passed on to him as the result of their 


his aneestors have 


mate-selection in the past. The same in 
dividual, by judicious 
may pass on to his children improved, 
or at least unimpaired, the gifts of his 
He may thereafter by wise 
selection surround those children with an 
approximately ideal environment—with 
the aid of a well-chosen mother for the 
children If then the judicious choice is 
repeated or improved upon through the 
succession of generations, making use 
not only of individual judgment, taste, 


mate-s¢ le et ion, 


ancestors. 
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ete., but also of pedigree and other rec- 
ords, the good traits will be strengthened 
and increased in number, while bad or 
weak traits, resulting from careless or 
uninformed mate-selections in the past, 
may in time be practically bred out from 
the stock. 

I would not be misunderstood as claim- 
ing that an individual’s performance- 
record can be inherited by his children. 
Neither can his good environment benefit 
them directly unless they also share it or 
a better one which may be the logical 
outgrowth of it. But I do claim that an 
individual’s performance-record becomes 
his personal contribution to his pedigree, 
and is valued by his descendants and 
their relatives according to its quality, 
as indicating what his inherent qualities 
were capable of performing and indicat- 
ing also that these same capacities may 
be coursing in their own blood or im- 
printed in their protoplasm, either di- 
luted or reinforced. In this respect per- 
sonal performance is of far more value 
to students of heredity than some have 
realized. As a true index of the possi- 
bilities lying within the hereditary quali- 
ties of an individual, what could be bet- 
ter than the accurate record of his per- 
formance? And this performance may 
be developed to its highest and finest pos- 
sible or may be neglected or even largely 
ignored by the individual throughout his 
whole life. I am personally acquainted 
with some men of unusually fine mental- 
ity, men who also possess sufficient 
health and strength to back up their 
minds in great achievements, yet who 
are spending their whole lives as nonen- 
tities. Such bright men can not help 
knowing that they are peculiarly gifted. 
Two of them admit frankly that they are 
too lazy to achieve anything great. The 
others fall back on that worn-out and in- 
sufficient excuse that they had had very 
little schooling. That, of course, is argu- 
ing in circles. Schooling can be got by 
those who have the mind and the will, or 
it may be given to oneself, for there is no 


schooling like that which comes of its 
along with actual achievement of a | 
order. Not only hundreds but thousa 
of men have demonstrated that 
eould fairly devour knowledge 
they most needed right in the course 
very busy life of achievement. 

There is no excuse for allowing ; 
good hereditary gift to le unused or 


half developed. He who practices wel! 


the faculty of selection which I am ad 
eating will search thoroughly his 

physical, mental and spiritual mak 
to see if there is not some good qualit) 


possibility within him which he ma 
have overlooked in former similar s 


veys. Here also he will be aided by 
search into his pedigree, or the peri 
ance of his ancestors, which may cal! 
attention to inherited characters wit 
himself. This may show him a reflect 
of himself from a new angle. At t 


least he will be honoring his father and 


mother by taking the pains to find 


about them, and about their fathers and 


mothers, as far back as faithful sear 


ean reveal anything. It is a respect 
which everybody owes his forebears. Let 


it not be put off, then, with that trit 
and flippant excuse for human indolene 
‘*Oh, I am not at all interested in gen 
alogy.’’ 


But the things which by wise selectior 


one omits from his life are nearly as i! 


portant as those he includes. Sometimes 


] 


they are fully as important as the inclu 


sions. Certain poor or worthless e! 
ments, habits or thoughts may, if 


eluded, actually inhibit or repress valu 
able elements, habits or thoughts. Thos 
who have their selective faculties high!) 
trained through constant practice find 
that in order to develop certain valuab! 
elements in their complex to their hig)- 


est degree it is positively essential 
drive out or to smother other elements 
Viscount Rothermere, one of 


world’s greatest newspaper men to-day 
and Mussolini, one of the world’s great- 
est organizers to-day, have each pulled 








reat- 
illed 
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out two threads from the fabric of thei: 
lives, as indicated by Rothermere’s ac 
eount in the London Daily Mail, and re- 
ported by the New York Herald Tribune. 
While in Rome Rothermere visited his 
‘friend Mussolini. In his account he com- 
ments upon Mussolini’s executive ¢a- 
pacity and memory. He then says: 
“Striet self-control and economy of time 
are the secrets by which this high stand- 
ard of efficiency is achieved. ... He 
sleeps eight hours a night. For ten years 
he has not taken a drop of aleohol. He 
does not smoke. He regards alcohol and 
tobacco as entirely unsuitable for people 
who have hard mental work to do.’’ 
Rothermere then adds: ‘‘His opinion 
confirms my own experience and prac- 
tice, for out ot regard to the heavy re- 
sponsibilities resting on me I have been 
for some time past a teetotaler and a 
non-smoker. ’’ 

These and other omissions on the part 
of the selectively trained, for the sake of 
high achievement and great efficiency, 
may prove to be the negative concomi- 
tants of the positive virtues they so 
highly prize. The really electric, vital 
man who does things requires both posi- 
tive and negative electrodes. The non- 
entities neither positively develop any- 
thing in their lives nor negatively re- 
press anything. They do no selecting. 
All nature cries ‘‘Select!’’ but they 
growl, ‘‘What’s the use?”’ 

‘Marry in haste and repent at lei- 
sure’’ is a motto voiced by many throats 
daily, in one part of the world or an- 
other. It is the belated awakening of a 
bit of the selective faculty. 

“‘Love is blind,’’ some say, but with 
eyes wide open during the love-making, 
and the mind doing some scientific in- 
vestigation of the ancestral history of 


the parties concerned, the love may bi 
truer, deeper and more enduring. 

We are immeasurably indebted to hun- 
dreds of unknown benefactors who have 
selected and produced many cereals, 
fruits and vegetables on which we now 
depend. This work was done partly by 
our own ancestors, partly by natives of 
various lands. For example, we owe to 
pre-Columbian natives of the Andes sue 
valuable staples as the potato, sweet po 
tato, peanut and tomato, and the size 
and some other valuable qualitie s of our 
cultivated strawberries. Our own an- 
cestors had been cultivating very small 
and soft berries prior to crossing these 
with the large, firm berries cultivated by 
natives of Chile. 

The same scientific, selective process 
which we employ in educating our 
minds, building gardens of lovely en- 
vironment around us, choosing ideal cli 
mates, filling our hearts with joy and 
beauty in place of haphazard common- 
placeness and developing fine fruits and 
other foods from wild plants of field and 
forest—this same judicious selection ap- 
plied to our own species has power to 
improve us physically, mentally and 
spiritually, and render us capable of se- 
lecting our environment and our flow 
ers, vegetables, grain, sugar cane, rub- 
ber trees, livestock, fruits and mates 
even more wisely in future than our race 
has done these in the past. We can 
hardly start training our esthetic facul- 
ties of discrimination in all things too 
young. This is general selection. Nat- 
ural selection, like wild fruits, nuts and 
roots, is good in its place; we may never 
know how much we are indebted to it; 
but voluntary, intelligent selection in all 
things which may add to the value of 
life is incomparably better for us from 
now on. 


GREENNESS AND VITAMIN A IN PLANT 
TISSUE 


By Professors JOHN W. CRIST and MARIE DYE 


MICHIGAN STATE COLLEGE OF AGRICULTURE AND APPLIED SCIENCE 


THE term ‘‘vitamins’’ is compara- of Persia in the sixth century B. 
tively new in the vocabulary of science was present in China in and pr 
and in common parlance. The use of before the fifth century A. D. \V 
this term has become surprisingly uni- Augustus had a craving for lettuce, 
versal in an amazingly short time. At his physician would not prescribe 
the thought or mention of it a sense of him. In that case, he adopted 
mystery and wonder creeps in, and such mon American custom, namely, 
common commodities as cod-liver oil, missed the doctor and retained an 
yeast, milk, oranges and carrots arise whose name was Antonius Musa. 
into consciousness as lowly things of physician, being more intelligent or 
vast consequence. However, though we more cunning, immediately prese1 
have coined and popularized the term, lettuce. The emperor ate it with 
are using it to name an elusive some- don and promptly recovered. The « 
thing which seems to be present in cer- mons of Rome showed appreciation 
tain food products, and are profiting erecting a statue to the physician i 
from an increased use of these products, of the public squares of the city. 
our generation can not claim the distine- happening gave such publicity to the 
tion of having first learned that there  tuce plant that it was made a part of 1 
are certain edibles in nature which have _ diet of the people everywhere in th« 
a peculiar function in the promotion of tion. They used a substance e¢ 
human growth, health, strength and ‘‘oxymel’’ to preserve lettuce that 
longevity. History often serves as a might have it at all times of the 
curb which is effective in the diseipline The preserved product was know: 
of modesty. Green plants, most of which ‘‘Meconia’’ and was nearly as potent 
are classified as vegetables, have served the fresh material. Pliny remark 
the race a good while, and, what is more, his own accord that the lettuce of 
have long been recognized as having nu- day contained an abundance of sop 
tritional virtues exceeding those to be erous milk, was somewhat blackis! 
expected on the basis of their ordinary color, had a cooling nature and that 
chemical composition. the summer it was very grateful to | 

In ancient Rome there was a great stomach, freeing it from nauseatior 
naturalist who wrote some valuable giving a good appetite. 
works on plant life. His name was The disease known as ‘‘seurvy”’ V 
Pliny. In one of his books is to be found the main causal factor leading to 
the following story. The Emperor Au- trial and use of vegetable products 
gustus was dangerously ill. His death specifics for disease. While scurvy is r 
seemed certain. Lettuce as human food lated to Vitamin ‘‘C’”’ rather than ‘‘ A,’ 
was in existence at that time. In fact, some incidents from its history wil! 
lettuce as a salad plant seems to have _ serve to draw attention to the fact t! 
been raised as far back as we have any long ago the general and also mor 
authentic history of mankind. It was less particular value of fresh green veg 
served at the tables of the Royal Palace tables was recognized. 
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No history of medicine could be com- 
nlete nor even acceptable if the name of 

nm Huxham (1692-1768) 
mitted. In his ‘*Essay on 
Fevers’’ he differentiated typhus from 
typhoid fever. He the man 
prepared tincture of cinchona bark. 
‘Essay on Antimony’’ is a 
Strange as it may seem, when, in 1747, 
twelve hundred of Ad- 
miral Martin’s English fleet were down 
ind disabled with scurvy, Huxham rec- 
mmended that they be put upon a fresh 
vegetable diet. His prescription was a 


were 


famous 


who 
His 


classie. 


was 


the seamen of 


suecess. 

The value of fresh vegetables for sea 
men became more and more evident to 
ther physicians of the times, notably 
James Lind (1716-1794). Lind was 
surgeon in the Royal Navy (1739-1748) 
He is referred to as ‘‘the Founder of 
Navy Hygiene’’ and as the ‘‘Father of 
Nautieal Medicine.’’ Something had to 
be done, for seurvy was putting the En- 
navy out of Lind 
saved the day by his insistence upon the 


glish commission. 
seamen being fed citrus fruit juices and 
Largely through his 
was 


fresh vegetables. 
influence the English 
finally led to officially include these items 
of daily diet in the ration of the navy. 
Below is given an extract from the 
personal memoirs (Vol. 1) of General 
Philip H. Sheridan, U. S. A. It is an 
episode from his life while he was sta- 
tioned at Fort Duncan, Texas, in 1854. 
Speaking of this experience in the south- 
the famous spokesman for the 
words, ‘‘Turn, boys, turn, we’re going 
} 


back, 


vovernment 


west 


says: 


During this period our food was principally 
the soldier’s ration: flour. pickled pork, nasty 
bacon—eured in the dust of ground chareoal— 
and fresh beef, of which we had a plentiful 
supply supplemented with game of various 
kinds. The sugar, coffee, and smaller parts of 
the ration were good, but we had no vegetables, 
and the few jars of preserves and some few 
vegetables kept by the sutler were too ex- 
pensive to be indulged in. So during all the 
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ration of pulque, 
drinking cup of 
rd to swallow 


qualities in the prevention 
were familiar to all, so every 
mand gulped down his share 


its vile taste and odor. 


These and other early 


cient observations on th 


certain plants as possessors 
thing that is very essential ft 


mality of the human organism 
interesting. Remembering, t! 
human creatures in general h 
had ‘‘the will to live,’’ hav 
sisted on living the longest pos 

and have ever sought de sperats ly 


main 


in the best of healt] 


tory reveals. 
that the 
now to stumble onto parts of 
table 
and cure 
that have 
threatening to extinguish the spec 
tirely. The crude yet quite 
method of ‘‘trial 


operation long before t 


race should have 


kingdom as sources of prevention 


for some of the dreaded ill 


ever been in close pursuit, 


eS @T 


effectivi 


and error’’ was in 


| 
| 


e dawn of what 


we are pleased to term ‘‘The Scientific 

Era 
Not until the latter part of the nine 
teenth century did real scientific inquiry 
The 


investigations of Ejijkman 


into this fascinating question begin 
splendid 
(1897) pioneered the way. 


| nese 


were 
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followed by the works of Hopkins 
(1906) and those of Holst and Froelich 
(1907-1912). The theory of vitamins or 
the necessity of one or more unidentified 
accessory factors (present in certain 
edible materials) for normal nutrition 
was originated, and as a theory has held 
the field against all others that have 
been proposed. And, at the present 
time, though we do not know exactly 
what any one of the several vitamins (A, 
B, C, ete.) is, either chemically or physi- 
cally, the evidence at hand is sufficient 
to make their reality seem overwhelm- 
ingly probable. We believe in them 
hypothetically. 

For the purpose of the present article 
the so-called Vitamin A may be selected 
out for special attention. It is referred 
to usually as the growth vitamin. In 
general, though not in particular, the 
definition is correct. On diets deficient 
in Vitamin A the expert diagnostician 
notes several symptoms of disorder in 
the animal organism, while the outstand- 
ing, summarized, clearly visible conse- 
quence is the lack of growth and even 
sharp losses in weight. Death may re- 
sult if the deficiency of the vitamin is 
extreme and continuous for a relatively 
long period of time. Its significance is 
great enough to cause serious concern 
regarding its location in nature. 

Fresh vegetables constitute one of 
nature’s richest storehouses for Vitamin 
A. This fact has been adequately proved 
and now the recommendation of fresh 
vegetables for the diet of the human 
being, especially when still undergoing 
growth, is made universally in all civi- 
lized countries. This is well and good, 
but it should be emphasized that species 
of vegetables are quite numerous, that 
they vary considerably in Vitamin A 
content, and, furthermore, that there are 
many ways of preparing these products 
for the market, for preservation and for 
being served at the dining-table. Celery 
is offered to the consumer in the bleached 
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state; lettuce as green leaf lettuc 
also as head lettuce, where the e 
part of the head is only slightly 
entirely non-green ; tomato fruits as 
come ripe from the plant and 
after having been picked green and 
ened artificially with some sort 
or gas treatment ; asparagus is sold 
fresh or in cans in both the gre 
the bleached state. These cor 
have raised a number of quest 
among which is that of the relative 
of a vegetable when bleached as 
pared with its value when green 
doubtedly, the bleached product 
looks more attractive, is more succu 
and brittle, has a nicer taste, is n 
suitable for some of the fancy notions 
the chef, and, on the whole, serves : 
aristocratic ambitions of the persons ¢ 
cerned more efficiently. But, does 
have equal quality as a nutrient mat 
rial? All evidence obtained thus 
goes to show that the green product 
far superior to the non-green. 
Experiments conducted in Eng! 
have shown that the inner whitish | 
of the cabbage head are very poor 
Vitamin A, while the outer green leaves 
are rich in this respect. Through other 
experiments it has been demonstrat 
that the stalks of bleached celery co 
tain no more than traces of Vitamin 
This vitamin is also deficient in the i 
ner leaves (the bulk of the head 
head lettuce, and in the innermost y: 
lowish leaves is probably entirely lac! 
ing. At Michigan State College we | 
conducted some experiments whereil 
Vitamin A value of green and bleac! 
asparagus in the diet of white rats 
been determined. The results have ! 
been published in technical form as j 
but were reported at the meeting ot t 
American Association for the Adva1 
ment of Science held at Nashville, T 
nessee, in December, 1927. These exper- 
iments demonstrated that when growing 
asparagus is covered over in the r 
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with soil and the tips cut before they 
reach the surface and become green by 
exposure to the sunlight, their value in 
terms of Vitamin A is very low indeed. 
Animals fed on the fresh white tips lost 
weight, beeame badly diseased and died 
before the end of the sixth week, while 
other animals receiving an equal amount 
of fresh green tips were healthy, vigor- 
ous and gained weight at the rate of 
about five grams each per week. Ap- 
proximately the same result 
with other groups of animals where the 
two kinds of tips were cooked before 
being fed. In still other lots of animals 
canned green and canned white tips were 
fed, the daily amount of the white being 
double that of the green. The increased 
quantity of the bleached did not suffice 
to give growth or even prevent death, 
while the animals on the canned green 
tips grew in normal fashion. 

Clearly, it seems that there is some 
connection between greenness in the 
foliar tissue of vegetable plants and their 
content of Vitamin A. Just what the 
nature of this association may be is as 
yet an unsolved problem. Scientists 
wonder if the green pigment or some 
part of its chemical make-up is itself the 
vitamin, or if the presence of the pig- 
ment is essential to the synthesis of the 
vitamin in the tissues of the plant, or if 
the pigment is merely coincidental as a 
side development in those conditions of 
environment in which the plant manu- 
factures the vitamin. Their wonder is 
leading them to erect hypotheses and to 
perform laborious experimentation in an 
effort to unravel the mystery. True 
enough, in a few cases animals have been 
made to grow when fed seedlings which 
had grown under conditions that pre- 
vented their becoming green, but it re- 
quired daily quantities of the material 
which were many times greater than nee- 
essary of green seedlings. And further- 
more, there is the possibility that the 
potentially green pigment bodies are 


obtained 


VITAMIN A IN PLANT TISSUE 





pre sent in sue Ssues lt! ( vl less ele 
mentary state In time, the deeper sé 
erets will | reveales Mo I biol 
eal reseal is very ag ' 
alr ady made a rec rd that : istifies « 
fidence in its future. 

At the present time, though mu 
been ace ym plished it must be said 
as regards the question of almost 


iT 
one oO! the several vitamins pernaps o1 ly 


the threshold of 


} 


] } 
nas peen crossed. 


inquiry and discovery 
Further progress 


the task of revealing the nature of the 


relationship between greenness of plan 
A quality will 


4 


in part, perhaps in the 


parts and their Vitamir 
hinge main, 0} 
fundamental research with the green pig 
ment itself, which is known to the bota- 
‘chlorophyll.’’ A 
good deal is already known about it, but 
all this is probably meager compared to 
known and should be 
It is made up of carbon, hy 


nist and chemist as 


what is not 
learned. 
drogen, nitrogen and 
sium in the general proportion of 
C,,H,.O,N,Mg. The structure of the 
molecule is very complex and need not 
It exists in the nor- 
mal green leaf in at least two slightly 
different 


not exactly the same in either structure 


oxygen, magni 


be discussed here. 


forms or varieties which are 


or proportion of chemical elements. 
Basically, it is an organic acid of the tri 
carboxylic type combined with two al 
methyl or wood aleohol and phy 
tol aleohol). Due to this fact, it is 


classed as an 


eohols 
‘‘ester’’ and belongs in 
that great general group of compounds 
which contains, roughly, such familiar 
things as butter, tallow, olive oil, bees 
artificially manu- 


factured fruit essences. Generally speak- 


wax and most of the 


ing, chlorophyll does not form in the leaf 
in the dark and is less in plants heavily 
It does not form 


unless iron be present in the plant cel! 


shaded while growing. 


atmosphere 
Plant 


chlorophyll are ineapable of 


and carbon dioxide in the 
surrounding the plant 


without 


parts 
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manufacturing the sugars that are syn- 
thesized in these parts when they are 
green and exposed to light. Though 
leaves contain sufficient chlorophyll they 
do not function in food manufacture un- 
less they are exposed to light. In some 
mysterious way chlorophyll manages to 
capture, transform and render available 
the energy contained in rays of light. 
All this seems like a good deal to know. 
But really, it may be a mere beginning 
of knowledge. Why are these things so? 
How do they come about? If chloro- 
phyll in either an elementary or finished 
form is indispensable to the production 
of Vitamin A in plants, we as yet have 
hardly the slightest inkling as to just 
what the subtle connection and process 
is in its details. Once such information 
has been mined and systematized the 
synthesis of the vitamin in the labora- 
tory may be possible and its function 
and employment in the diet of human 
beings be rendered more intelligent. 

In the meantime, while we wait upon 
science, it is well to eat fresh vegetables 
and still better to prefer that these be 
decidedly green in color, when it is the 
foliar part of the plant which is used. 
That last clause is inserted lest it be for- 
gotten that with a good many vegetables 
the edible portions are not foliar in char- 
acter and are not green. Examples of 
this are the fleshy roots of the carrot, the 
beet and the radish. Are these to be ex- 
cluded beeause they are yellow, red and 
white rather than green? Certainly not, 
for experiments have shown that they 
contain the vitamin factors. They were 
produced as parts of plants whose tops 
green. The food substances they 
contain were built up in these tops and 
transported to the roots for storage, and 
likewise the vitamins that are known to 
be there. .Milk, butter, cheese and other 
food products coming from domestic 
animals are not green and yet they af- 
ford Vitamin A. The answer is appar- 
ent when it is recalled that these are her- 


were 
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bivorous animals in 
The amount of Vitamin 


part or enti 
A In cow 
and consequently in the butte: 
from this milk varies with changes 
pasturage or the plant roughag 
nished for the cows. 

This article should not be conely 


without the addition of two or tl] 
paragraphs that are somewhat criti 
nature. 

Scientific discoveries usually ari 
the stage of completion by slow deg 
Oftentimes, as in the ease of the 
mins, long before investigation has } 


concluded the discovery becomes ki 
to and is appropriated by the pul 
Frequently the new thing creates 

or less of a sensation. It is adopt 
once and in a manner more or less fa: 
ical. We may, in our great enthus 
run past the limits set by the lack 
more complete experimentation and 
derstanding. When so, we take the ris 
of useless worries and costly mista 
Many who have insisted prematurely 
the X-rays, radium emanations 
ultra-violet light have had no benefit 
else got burned by ‘‘playing wit 
fire.’’ The point is that even th 
fresh green vegetables have been pri 
to be rich in Vitamin A, 
other vitamins as well, it is unwise to 
come so excited about it that we ove! 
the eating of them, in the sense of th 
ing the diet out of balance. Food p. 
ucts other than green vegetables af 
Vitamin A and are imperative for « 
tain additional properties not com 

to green vegetables. Every vitamin 
essential, but the foods containing it 
required for other reasons as well. B 
cause of this there must be a va! 
with the several individual items ther 
properly selected and correctly prop 
tioned. This having been accomplishe: 
the all-important vitamins, as best w 
know now, take up as a part of th 
duty the task of acting as stimulators 
which serve to facilitate and regulat 


and some 


























which the 


he biological 


is that afford energy and give 


processes in 
0 tissue 
hyilding material are digested, absorbed, 
listributed and assimilated. 

Secondly, it is apparent that there is a 
tendency to misjudge the relationship of 
to nutritional disorders. No 
deficiencies 


vitamins 
ubt vitamin 
sible for a great many of the troubles 


are respon- 
which human beings experience, but not 

for it should be remembered that 
there are at least some major and minor 
disturbanees and irregularities with 
which vitamins may have little or noth- 
Vitamins are not magie ecure- 
alls for any and every sort of ailment 
The need for expert 
treatment of nutritional 
troubles is not less but greater perhaps 
Multiplied remedies 


ing to do. 


that can occur. 


di 127 OSS and 


ever before. 


than 
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demand increased knowledge and wiser 
prescription. 


book Oo! 


following: ‘‘There is ving 
of attributing every un ne 1 
tional disord r to the new, overw 
but ill-defined vitamins—oft 


ing with t 
glands the fate ot beecon ne Tt ( 
ing-eround for every unid 


While progress in an unde? 


di r | 

standing of the vitamins and their rél 
in human nutrition has been made sine 
this book was printed, t danger t 


author alluded has not disap 


peared. Ideal advancement is that type 


which is mixed with a degree of conser 
vatism that is sufficient to make changes 
in practice wait upon the presentat 
of incontrovertible ¢ nee of fact 


MALARIA AS A FACTOR IN ITALIAN 
ENVIRONMENT 


By Professor W. 


O. BLANCHARD 


UNIVERSITY OF ILLINOIS 


Iraty has long been the classic land 
of malaria. From whence it came or 
when introduced is not known, but that 
it was well established in the Peninsula 
long before the Christian era is certain. 
For at least twenty-five centuries it has 
taken a heavy annual toll of life,’ and 
the economic loss through decreased effi- 
ciency of labor and reduced utilization 
of areas subject to the disease have been 
enormous.” Even to-day one third of 
the total area and 40 per cent. of the 
population of the entire Kingdom are in 
communes officially ‘‘malarial.’’ The 
number actually living in the infected 
parts of such communes is about 12 per 
cent. of that of Italy or about four mil- 
lion people. The number of cases ‘‘offi- 
cially reported’’ annually runs over two 
hundred thousand and it has directly or 
indirectly affected the social and eco- 
nomic welfare of the whole population. 

In the centuries following its intro- 
duction into Italy devastating wars, both 
civil and foreign, by discouraging agri- 
culture and especially by their destruc- 
tion of the irrigation and drainage sys- 
tems, caused much of the cultivated land 
to revert to pasture and marsh, thus 
providing favorable conditions for the 
spread of malaria. Extensive deforesta- 
tion by aggravating the flood problem 

1 However, the death-rate in recent years from 
measles, from typhoid or from tuberculosis is 
larger than that from malaria. The mortality 
from tuberculosis in 1923 was over sixteen 
times that from malaria. 

2It has been suggested as an important con- 
tributing factor in the national decadence of 
Spain and in the fall of Greece and Rome. See 
Regnault, Dr. Felix, ‘‘The Réle of Depopula- 
tion, Deforestation and Malaria in the Deca- 
dence of Certain Nations,’’ Annual Report, 
Smithsonian Institution, 1914, pp. 593-7. 


added to the difficulties. It is 
known that certain sections of sou 
Italy which, in the eighth century, we: 
sites of large and prosperous comn 
ties have since been rendered desola 
and barren by the ravages of malar 
The increase in the area affected in t! 
southern part of the Peninsula sin 
1860 has been extraordinarily rapid. I: 
1880 only six of the sixty-nine provinces 
of Italy were entirely free from the dis 
ease; in 1885 there were only two; 
1902-5 there were eleven and in 1923 
seventeen. 

The close connection between malaria 
and marshes was early recognized; in- 
deed, long before the relation of th 
disease to the mosquito was known. T! 
name itself (mal-bad; aria-air) owes its 
origin to the common belief that the fou 
air from swamps carried the infectior 
Naturally the first measure of protection 
undertaken involved the drainage or 
filling in of overflow lands or, failing ir 
this, the abandonment of the vicinity as 
a human habitation, at least during the 
summer season. At this time of the year 
drought turns many streams into chains 
of stagnant pools which with the high 
temperatures then prevailing, provid 
the optimum conditions for mosquito 
breeding. 


REMEDIAL MEASURES 


The reclamation of poorly drained 
land has always been in Italy one of th 
two most important lines of attack 1 
the malarial problem. When Italy be- 
came a united Kingdom in 1870 ther 
were over four and one half million 
acres of land with drainage so bad as t 
be a menace to health. A vigorous cam- 
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paign of state reclamation begun in 
1880 has to date restored to use about 
one half of this acreage. Of the total 
which required improvement over three 
fifths was in north Italy, although the 
warmer central and southern parts of 
the Peninsula and the islands have 
always been the worst infected with 
malaria. Agricultural development has 
quickly followed the completion of the 
government drainage projects in the 
north; in the central and south it has 
lagged. The reclamation work has not 
only reduced the breeding of anopheles, 
but by improving living standards it 
has increased the physical well-being 
and resistance of the people to malarial 
attack. 


A second and no less effective measure 
in the antimalarial campaign has been 
to make quinine, the principal specific, 
available to all. Though the virtues of 
this drug had been known since the sev- 
enteenth century it was not until the 
government took manufacture 
and distribution as a state monopoly in 
1902 that it was placed within the reach 
of even the Its distri- 
bution free or at small cost has been a 
tremendous boon to rural Italy, and the 
enforcement of the ‘‘quinine laws’’ has 
been marked by sharp declines in the 
malarial death-rate. 

The real modern antimalarial 
paign in Italy dates from the beginning 
of the present century. The discovery 
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Iraty has long been the classic land 
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when introduced is not known, but that 
it was well established in the Peninsula 
long before the Christian era is certain. 
For at least twenty-five centuries it has 
taken a heavy annual toll of life,’ and 
the economic loss through decreased effi- 
ciency of labor and reduced utilization 
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number actually living in the infected 


parts of such communes is about 12 per 
cent. of that of Italy or about four mil- 


lion people. The number of cases ‘‘offi- 
cially reported’’ annually runs over two 
hundred thousand and it has directly or 
indirectly affected the social and eco- 
nomic welfare of the whole population. 

In the centuries following its intro- 
duction into Italy devastating wars, both 
civil and foreign, by discouraging agri- 
culture and especially by their destruc- 
tion of the irrigation and drainage sys- 
tems, caused much of the cultivated land 
to revert to pasture and marsh, thus 
providing favorable conditions for the 
spread of malaria. Extensive deforesta- 
tion by aggravating the flood problem 

1 However, the death-rate in recent years from 
measles, from typhoid or from tuberculosis is 
larger than that from malaria. The mortality 
from tuberculosis in 1923 was over sixteen 
times that from malaria. 

2It has been suggested as an important con- 
tributing factor in the national decadence of 
Spain and in the fall of Greece and Rome. See 
Regnault, Dr. Felix, ‘‘The Réle of Depopula- 
tion, Deforestation and Malaria in the Deca- 
dence of Certain Nations,’’ Annual Report, 
Smithsonian Institution, 1914, pp. 593-7. 
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The close connection between malaria 
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deed, long before the relation of th: 
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name itself (mal-bad; aria-air) owes its 
origin to the common belief that the fi 
air from swamps carried the infectior 
Naturally the first measure of protection 
undertaken involved the drainage or 
filling in of overflow lands or, failing 
this, the abandonment of the vicinity as 
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summer season. At this time of the year 
drought turns many streams into chains 
of stagnant pools which with the high 
temperatures then prevailing, provid 
the optimum conditions for mosquito 
breeding. 


REMEDIAL MEASURES 

The reclamation of poorly drained 
land has always been in Italy one of th: 
two most important lines of attack 
the malarial problem. When Italy be- 
came a united Kingdom in 1870 ther 
were over four and one half million 
acres of land with drainage so bad as t 
be a menace to health. A vigorous cam- 
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paign of state reclamation begun in 
1880 has to date restored to use about 
one half of this acreage. Of the total 
which required improvement over three 
fifths was in north Italy, although the 
warmer central and southern parts of 
the Peninsula and the islands have 
always been the worst infected with 
malaria. Agricultural development has 
quickly followed the completion of the 
government drainage projects in the 
north; in the central and south it has 
lagged. The reclamation work has not 
only reduced the breeding of anopheles, 
but by improving living standards it 
has increased the physical well-being 
and resistance of the people to malarial 
attack. 


A second and no less effective measure 
in the antimalarial campaign has been 
to make quinine, the principal specific, 
available to all. Though the virtues of 
this drug had been known since the sev- 
enteenth century it until the 
government took manufacture 
and distribution as a state monopoly in 
1902 that it was placed within the reach 
Its distri- 


was not 
over its 


of even the poorest peasant. 
bution free or at small cost has been a 
tremendous boon to rural Italy, and the 
enforcement of the ‘‘quinine laws’’ has 
been marked by sharp declines in the 
malarial death-rate. 

The real modern 
paign in Italy dates from the beginning 
of the present century. The discovery 


antimalarial cam- 
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of the réle played by the anopheles mos- 
quito as the transmitter of the malarial 
parasite gave a tremendous impetus to 
the fight, and high hopes were enter- 
tained for the speedy elimination of the 


disease. Needless to say, they have 
failed of realization. True, the discov- 
ery placed additional weapons at the dis- 
posal of the campaigners. The oiling of 
stagnant waters, the introduction of mos- 
quito-eating fish, the screening of dwell- 


THE SCIENTIFIC MONTHLY 


promising. In addition to genera! 
lamation works and quinine legislat 


various economic inducements have hes 


included, e.g., the building of r 
introduction of electric power, extens 
of long-time loans to settlers, exempt 
of buildings from taxation and the 
viding of agricultural experts as t 
ers. From 1900 to 1906 the proport 
of the inhabitants affected by ma 


was reduced from 32 per cent. to < 


eent. and the agricultural re\ 
changing the whole appearance o 
Campagna (see Fig. 2 


ings, all came to be a part, though a 
minor part, of the campaign. The major 
credit for the reduction of the malarial 
menace still rests upon the drainage and 





quinine measures. 


THE CAMPAGNA 
The work of ‘‘bonification’’ or im- 
provement, by which the malarial dis- 
tricts are being gradually reclaimed may 
be illustrated by the Roman Campagna, 
for centuries one of the most notorious 
of malarial districts. 

The Campagna is a vast plain about 
the capital city, underlain by impervi- the physical map. The dependence: 
ous clays. The soil is fertile, the climate the disease upon the anopheles mosquit 
good and the presence of an excellent as the earrier naturally 
market in the capital seemed to furnish |argely to the plains region. where fa\ 
all the requisite conditions for a pros- ble conditions for the propagation 
perous agricultural region. Indeed, in mosquitoes exist. This is especially u 
ancient times, this section supported a fortunate for Italy, since with a de 
dense population, but for centuries it population still chiefly agricultural 
has been desolate and all but forsaken.* jeeds everv acre of soil available 
Less than 10 per cent. has been under  fooq production, doubly so sinc 
cultivation. Without forest, towns or area of lowland is so limited. It is est 
permanent homes it has been inhabited mated that for Italy as a whole onl 
in winter by scattered herdsmen, but fth of the surface is plains, the rema 
even these retreated with their charges der being equally divided betwee 
to the mountains in summer. For the mountain and hill land. Assuming that 
past half century the government has the mountain areas are free from ma- 
repeatedly tried to colonize the region aria, this means that more than one hall 
but until recently with little success. of the plains and hills, the most produ 
Of late the prospects have been more tive of Italy’s lands, are malarial zones 

In north Italy the Po valley and nor?! 
Adriatic coast, in central Italy, the low 
lying coastal plains, are favorable ma 
larial areas. The mountain streams 
checked in their descent from Alps and 


f motana inthe Romar npagra ord 


fie 2 Cases 
After Or Lucren Reynaud 


Pontine Marshes 


DISTRIBUTION 
The distribution map of malarial zones 
(Fig. 1) shows a striking resemblance 


confines 


8 Depopulation that set in with the fall of 
the Empire apparently reached its lowest stage 
in the seventeenth and eighteenth and first half 
of the nineteenth centuries. Ashby, T., ‘‘The 
Roman Campagna in Classical Times,’’ London, 


1927. 
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Apennines, deposit their silt, clog up 
their lower courses and provide exten- 
overflow lands. Dunes aid in 
lagoon formation and 
even in the hill and mountain country 
ypen quarries and crater lakes have been 
infection. In south 
Italy the 
ea includes upland as 
well as the valleys and coastal plains. 
Here the higher temperatures and more 
marked irregularity of the 
river region are more favorable for mos- 
quito breeding. It is in this southern 
Italy that the disease carries 
with it a large proportion of fatalities, 
while in the north it is very mild. Thus, 
Basilicata in the extreme south had 
from 1901 to 1905 an average malarial 
death-rate in proportion to the number 
‘ inhabitants, fifty times that of Lom- 
bardy in the north. Malaria may well 
be charged with a considerable share of 
for the retarded 
southern part of 


sive 


along the coast, 


nrolifie centers of 
the 
considerable 


and on islands infected 


seasonal 


rtion ot 


the responsibility 
development of this 
the peninsula and the island. 
Figure 3 shows the decline in death- 
The decrease is most striking. 
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Thus from 1887 to 1902, 


preceding the quinine legis! 
mortality averaged fifteen tl 
nually ; 1903 to 1905, 


enforcement of the malarial laws, the 


from with th 


fell to about one half 
Fluctuations are of 


average 
ure. 
expected, partly in response ti 


of cour 
differences, partly as a result 
The 


noted, 


activities latest reeru 


will be came during th 


period when the exposure of vast 
bers of men and their movements 
place to place were bound to sprea 
disease. In addition war activi 
only interrupted the antimalarial 
paign but actually destroyed 
gation and drainage 


syste 
releasing the check upon 
breeding. 

The I 
only a part—and but a smal 
the and 
From 1919 to 1923, inclusive, 


number of deaths is 


total! loss suffering 


there were 


officially reported an average of fifty-six 
' death How 


were 


| 


cases Of 1iness 


for every 


many malarial attacks 
cially reported is, of course, w 
but the have 


A disease so common and one in 


number must been 


the standard specific quinine may 
administered by any one, togeth 
the fact that many of those afi 

in isolated sections would indie: 
the numbers officially reporte: 
under the 
Goss estimates that the average annual 
death-rate of fifteen thousand 
between 1903 and 1905 rep 
two million eases, or ¢ 
and t 


real figures.* Prof 


Irom 
malaria 
sented some 
of one death to one hundred 
three attacks. 

In addition to the marked success of 
the antimalarial measures in saving life 
there have been notable economic results 
The national the 

4 Malarial 
ported in 1902. After reaching a high } 


1905 they declined and in 


95 000 


government spent in 


began to be offic 


illness 


323,000 in 
years have usually been less than 
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work from 1900 to 1920 about $100.- 
000,000. The improved land has an esti- 
mated value of $400,000,000. It is of 
course recognized that the accomplish- 
ment in stamping out the disease has not 
been everywhere satisfactory or com- 
mensurate with the cost. 

The most common effect of malarial 
infestation has of course been depopula- 
tion and the reversion of land to waste 
or to pastoral use. This change in the 
type of land utilization has resulted in 
a modification of agricultural methods, 
of land ownership, of population distri- 
bution and of emigration. For example, 
since the anopheles works at night and 
chiefly in summer, the agriculturist must 
spend that part of the day or season in 
the hills. This has favored the group- 


ing of the population into towns in the 
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uplands, rather than in scattered rur 
homes on thé cultivated land. T! 
south Italy where malaria is at its w 
though a non-industrial region, the 
centage of the inhabitants in towns 
gereater than in the industrial north. 

a consequence of such an arrangem 
much labor is lost through the work 
having to walk long distances to 
from their fields. Intensive agricultu 
favored by a dense population, is 
spondingly handicapped. Latifund 
and absentee landlordism have been 
tered and a strong impetus given to t 
emigration of the hungry population 
more favored lands. Thus, though | 
marily a rural or agricultural prob! 
its effects are directly or indirectly 
throughout the whole social and 
nomic scheme. 
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RE are some 470.000.000 acres of 


ST land and SO Tne ] 055,000,000 
ange and pasture land le 1 
ted States Attempts to de 
‘ulture on cut-over coniferous 


ands in the Southwest have us 


d Likewise, attempts use the 


arid range lands for dry farming 


not heen sSuCcCCe ful Such facts 
cate that these areas probably 
their Y CST TINE as producers ol 


lite 


ne 


uber, forage, and associated wild 
nless our systems of tarming mak 
recedented changes they should al 
vs remain as forest and range 


(dur forests are being depleted at least 
ir times as fast as timber is being 


wh. In spite of the prevalent us 


brick, metal, concrete and other wood ~~ wild gam 


bstitutes to day, the demand for wood rodents 1s ofte 
and wood products IS aS Insistent as rornye 


ver. Nor is there any likelihood that 


will fall off in the future. Regularly 


; 


recurrent drought vears emphasize thi 


nadequacy of the forage resouree. Thy 


necter of overerazing threatens liv 


stock production on the western ranges 


| reduces 


At the same time the need for meat and 


eat products is increasing. The value growtl 


) 
ron ott 
ril 


these commodities certainly makes 
them deserving of scientifie attention 
On eritical examination, almost every 
tstanding problem concerned with thi 
ation of organisms to environment is 
seen to have a biotie setting. Under 
tural conditions, a study of vegetation 
me or animal life alone lacks com 
eteness. Neither one by itself makes 
}an independent unit. The basie unit 
is the biome and its phi sical environ 
ment. Thus we find that forest and one 
range research entails a rather compre wester? 
hensive study of all forms of organie certain loca 
life together in their inorganie sur eutting of 


roundings. and far-reae 
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factors ot site have hee nn moditied 
that 
indeed, it 


biotie 


to such an extent recovery will be 


slow, 1f, takes place at all 
Overstocking the vellow pine type with 
sheep and eattle, as Pearson has shown, 
has jeopardized the forest of the future. 
It is suggested as a possibility that woods 
rodents, such as, for example, the poreu 
pine and certain tree squirrels, and even 
forest game, having in places less tim 
ber to work on, and being relieved some 
what from the pressure of their natural 
animals, have 


enemies. the predatory 


sometimes become forest destroyers ot 
considerable importance. 


Many 


significant 


birds are known to play a 
in extending the distri- 


they 


part 
bution of the 
dwell. Many 

signed birds an important role in forest 


thickets in which 


vears ago, Barrows as- 


rotation and in resurfacing with vegeta- 


tion tracts swept bare by wind, water, 


fire or the hand of man. 
that Forbush? is correct in saying that 


It is probable 


birds alone would shortly replant all 


cleared lands were it not for the various 
and 


tools of cultivation. Crows, jays 
magpies have a special predilection for 

this 
Num- 
erous other fruit and seed-eating species 
of birds and mammals incidentally plant 


The Douglas squirrel 


gathering and storing seeds. In 


process many seeds are planted. 


trees and shrubs. 
of the northwest caches the seed of the 
Douglas fir in the forest floor and is one 
of the faetors which give the species a 


The red 


prominent place in the region 


squirrel assists in replanting hardwoods, 
McAtee 
that effective distribu- 


€.0., oak, beech and hickory.* 
has pointed out 


tion of the seed of the best timber trees, 


1890, Chief, Division Ornithology 


Agricul 


1 Report for 
Mammalogy, U. 8. 
5, 1891 
Bulletin No. 9, Massachusetts 
Department Agriculture, p. 47, 1921 

Hofmann, Ecology, 1:53, 1920. 
Jou Vammalogy, 5:40-41, 1924. 
Wild Life Bulletin 4:101, 1926. 


and Department of 
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hickories, oaks 


as the pines, 


huts, Oceurs thro lot) 


transport 


birds and rodents 


WATERS! 


probler 


B10-ECOLOGY O1 
The 
more serious and far-reaching tha 
that the 
timber The 
industry in th 


forest and range 


involve merely produ 


and torage existe? 


agriculture and 
arid regions is dependent upon 
cesstul maintenance of watersheds 
entails retention of an adequaté 
of forest and lesser vegetation 

As Thornber has stated® the re 
tion of desert lands is a 
‘The tendency of a 
lands is to revert to their n 


The hist 


fight 


very 
matter. 
arid 
desert condition 

that the 
forces of nature has been 


the Valk 


irrigation has 


mankind shows 
the slow 
ing one, and 


the Nile, 


earried on 


‘except in 
where 
eondit 


under peculiar 


we have vet to find a single exam 


a permanent irrigation agricult 


At the 


supplying water for the farms on 


present time, various reset 
tion projects in the Southwest are s 
should. As 
sult of over-grazing in the past o1 
the 


eover of 


up faster than they 


slopes from which waters ar 


the 


frasses is largely rone over Vast 


rived, former pere! 


Every heavy rainstorm tears 


some of the soil and earries it 


or into the storage reservoirs. 

The silt question is im portant a 
relation to the proposed water and | 
the 
The total amount of silt 


development of Colorado Kk 
brought a 
stream was @ 
Forbes in 1900 to be 


61.000.000 


every vear by this 
mined by 


Tons 


neighborhood ot 


enough to make 53 square miles 
Bulletin No. 6, 
Arizona Agricultural Experiment Statio1 


15, 1926, foreword. 
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eeurate determinations iIndleat 


stimate Is probably only 


; 


of the actual amount 


eriments have shown that the 


run-off from non-forested areas 


storms IS as much as twe nty eight 


as great as from forested 


manner, heavy vrraZi 


similar 
roug removal 


s run-off t 


tation or a change in its character 


shown that on a 15 per 
the 


decreased 


ne” has 


slope increasing vegetation 


16 to 37 


i) per eent 


density run 
and erosion 60 per cent 
efficacy of ditferent types of vegeta 
in the prevention of erosion Is shown 


Miller found that 


slope the removal by 


the work of who 


na 3.08 per eent 


rosion of seven inches of soil will re 


re twenty-nine vears on uncultivated 


under continuous 


iltivation of 150 
ontinuous wheat, and 3,547 vears under 
Inder a vood 


nd, fifty-six years 


corn, under 


years 
continuous bluegrass sod. 
otation or under continuous grass, the 
trogen losses are greatly reduced 

Tl e association is close between erosion 
and uneontrollable floods According 
to Bennett. failure to build terraces on 
sloping fields 


plant and 
trees on the steeper lands accounts for 


and to grass 
much of the exeess water that recently 
He further 


stor 


swept down the Mississippi. 


states that a wise combination of 


ge reservoirs, hillside terraces and use 
for 


grazing and timber lands orass 


nd trees will effect practical flood con 
trol as nothing else will. 

Jones’ called attention to the fact 
vreazeale, Technical Bulletin No s. Uy 


f Arizona Agricultural Experiment 
Mar. 1, 


S. Forest 


1926, p. 165 


Grazing Researel 


Service y 
1926 
urnal American Society lor 


60, 1926, taken from Biolo 


1926, 


dt al 


original not seen 


‘Survey of the Erosion Problem.’ South 


rm District, U. S. Forest Service, Dec 


, 


FOREST 


AND RANGE 


; +) 
i ) 


est and er 


Atlas Mountains Remo 


vegetation evidently bro 


yeu 


STructive erosion, more Ww 


eation, and consequent 


Rome tried TO stem thie 


Vahecing sand. Dut 


modern France is 

of attempted rehabilitation 
Brickner, Zon, Lowdern 

have adduced evidence 


, 
{ 
orest does 


removal ol 


change in the eclimat: 


aridity Deforestation 
population ; so goes 

In many respects 
is. like \lesopotami: 
Africa Throughout 
New Mexico, Arizona 
States, the vi: 
of the early 


()ver-grazing aS 


protoul ( 


natural conditions 


1 
e.g., rabbits, 


pra rie aos 


and squirrels 


ground 
equilibrium with the 


assumed a new and d 


Domestic STOC} and thes, 


compete for the availabl 


effects on the vevetTation-co\ 


and wl en enhanced by 


astrous 





droug! 
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Clements and other observers have 


found that the 
from Odessa, Texas, to Sentinel, Arizona, 


desert plains extending 


now supporting scattered zerie shrubs 


s} ow reliets 


and ephemeral forms only, 


of a perennial grassland formation. A 


Vast area, probably formerly protected 


by these perennial grasses, is now sub 


ject to cumulative destructive erosion 


increasing desiccation 


and 


ANIMALS AND SOI 


There is considerable evidence that 
there exists a soil succession comparable 
to succession on the surface, each stage 
marked by the definite 


biotie 


presence oO} a 


This sueeession 1s 


formation 


action ot or 


due in a lare part to the 


itself or on the 
The 
importance of vegetation as a soil builder 
demonstrated. Animals 
also are important. Not only the micro- 
fauna of the soil, but certain larger ani 


Tanie life on the soil 


physical factors influencing it 


has often been 


mals, as insects, worms, amphibians, 


reptiles, birds and mammals play a part 
development. Every one is 
the 


reputation as a 


in soil 


familiar with earthworm’s out 


standing soil maker 
That other animals play 
role is doubtless not so widely appreci 
Yet Shaler™ ‘*The 
Nature of savs that 
ants produce a far greater effect on soils 
than Shaler thinks the 


vertebrates exercise an influence on the 


an important 
ated. in his paper on 


Origin and Soils’’ 


earthworms. 


soil perhaps as great as that of all their 
lower kindred. He assigns to mammals 
the most effective role of all in biotie soil 
The 
include 


influence ways in which animals 
affect 
addition of exereta and deposit 
dead The aggregate of 
soil working in the United 


States by pocket gophers, ground squir- 


storing, 


of their 


burrowing, 


soils 


own bodies. 


western 


rels, prairie dogs and kangaroo rats is 
Shaler that if all 
11 Twelfth Annual Report of Director of U. 
Geology, pp. 213 


enormous. suggests 
S. Geological Survey, Part I, 
345, 


1892. 
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vertebrates 
become a part of the soil sine 


of the 


the skeletons of 


last glacial period had 1 
the 


cover the land with a laver of be 


upon surtace they would 


ter some feet in dept! 


SAFEGUARD 


BI0-ECOLOGY AS A 


LCONOMIK Loss 


| 


Thi ase, which ineludes 


from ‘ts and rodent 


ot trees 


+ ] 


SLOCK irom 


and w 
animals, and 
Irom rang 
eeived a 
insects t 


odds the most Important 
though mal 


play mixed roles and 
The 


not 


looms large also, 


some art 


Status OL most mal 


economic 


Further 


rent 


needed 
i} 


r’é sponsible 


well known 


this phase is ereatly 
Insects are 


amounting to hundreds of m 
dollars antl ually to agricultul 


rorest. Estimates ot 


and 


crops in the | nited States tron 


total no less than $500,000. 000 « 


Losses on the open range lone 


mated to aggregate more than $1 


000 annually Some idea of 
to individual states may be ga 


bm 


estimates su 


the following 
directors of agricultural extensio 
tana, $15,000,000 to $20,000,000 
Dakota. $6,000,000 to $9,000,000 
Colorado, $2.00 
W von 

Nevada 10) 


eent ot al erops, or £1.00) 


$12. 000.000 - 


Sas, 
California. $20,000,000 : 
per eent. o| all ere PS; 
per 
New Mexico. $1.200.000 loss to © 
double this amount to rang I] 
has pointed out that the peopl 
SO much of the eultivated crops 
12 Bell, Ye: 
partment of Ag 
1921, 
Bell, 
1917, p. 4, 


rbook Separate No. 85) 
riculture, 1920, py 
Yearbo 
1918, 


Se para 





BLO-ECOLOGY OF FOREST AND RANGE 


S leave over. similia 


utilizes 


livestock 
ients 

latory animals cause tremendoy 
domestie animals and valuabl 


ame, especially deer. A mountal 


ol 


a wood dee r eountry will kl | one 
per week losses TO the 


rr more 
«k industry from 


) 


predatory 


ave been estimated at $20,000,000 


$30,000,000 annually. On the other 
the destruction of pred 


itoryv al 
s mav favor the increase of certan 
nt At Tine present 


~ 


1 me, losses 


rodents are many times more 


is than those from predatory 
In rare instances, killing of pred 
animals may even help to bring 


an abnormal increase ig game, 
id rorest 


it Ove rpopulation, ra 


struction and st ne game 


ecur, 


Acquisition of further information 


eomplicated interrelati 


The 
ved should help determing 


licies to pursue to Insure the 


1 
to The oreatest lumber. 


Bi0-ECOLOGICAL RELATIONS OF GAME, 


ForRES?T AND RANGI 


The game and fw bearing species Ol 
mals. most ot which, including fis] es, 
me birds and game mammals, are to be nature 
ind on the forested lands or on the appreciat 


n range areas, are legitimate integral — ppodyer 
prod 


rts of their forest and range habitats not seem 


life is hard to estimate. srow fol 


of wild 
s certain, as Adams has said, that pacic? 
animal crops grown in forests may yalyabl 
made to produce an annual revenue gifts 
he utmost value in forestry. The ()p, 


is probably true of small game, 


least, on grazing ranges generally. 
Associated with the persistent ovel 
ng in the southwest has been 


Yearbook 845. same. 


p. 289, 1921. 
toosevelt Wil 


r, 1926. 
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must be based practices that will vield 


the best re sults 


Bio- ECOLOGICAL NATURE OF THE PROB 
LEMS INVOLVED 
The biota on an area at any given 
time presents the summation or integra 
tion of all the factors acting to produce 
it Biotic as well as physical conditions 


] 


are almost universally dynamie. Th 


processes oOo! TO day shape Tie results ot 


to-morrow Beeause of this ineessant 
ehange in the living network and its 
physical habitat no satisfactory solution 
of any phase can be reached without a 
elose correlation with other p! ases. 

It thus appears that convincing re- 
sults on an adequate scale can only be 
obtained through bio-ecologieal methods. 
The qui stions presented, almost infinite 
in their complexity, must be analyzed, 
so far as practicable, into their com- 
ponent parts for solution, the results 
obtained to be S\ nthesized later into the 
required prineiples tor t he euldance ot 
the future economic development of the 
region. 

The bio-eeologist probably should be 
and doubtless will continue to be a 
specialist in some restricted field in 
which he will learn more and more about 
less and less. But if he is to discharge 
his true functions he must also eultivate 
a broad view Ile should develop the 


links between the sciences, espe clally be- 


Tween botany. zoology. SO] 
physiography, geology ar | e 
He should know more and mo 


more and more 


It is unnecessary, howeve) 
zoologist To become il botat ST 
botanist a ZO0loe ST. TO acquit 


ereditably W have Tl ed to s 
need ior a compre CTISLV¢ View 


proble m aS if arises, and an appl 


Ol the nece ssity for consider o 


on the plant and animal sides i 
ior bi0-ec¢o ovy IS S mply one 


More 1 


instruction In zoo ecology, and es 


ade quate workmanshl} : 


bio-ecology, at forest schools ans 
universities generally, is desirabl 
higher vertebrates, esp clally bh 
mammals in their various r 
environment, should reeeive mor 
and attention in the eurriculw 
they have in the past. So also 
the vitally important interact 
coactions between plants and 
and animals and plants 

A corollary of the bio-ecologi 
orem is that investigators must 
together The seientist must 
initiative and carry throug! 
cooperative research enterprises 
field is this more pertinent than 
field of bio-eeology. Such ente 
if given the generous support 
needs of the ease require and 


promise much for the future 
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do seientists write and rewrite disastrous for. se 
s and biographies of their great over The o1 repres 
spite ol the fact that thes have stormv perlod a 
vritten many times before The progress of endu < 
ace might be of the opinion that if Isaac Newtor mn the 
story of a man or of an event 1s __ this, in the eighteent] 
ehly investigated and published it marked retrograde movement « . 
to stand for all time But there owing to tli disorder 
two factors we must continually — social affairs which foll 
rin mind in forming a comprehensive — tion Great investigators 1] 
ement of the lifework of any great and Bradley are simply isolated nad 
marks in this storie dese | 
First, the great men are simply instru to sixty vears of complet 
nts in the course of a historic process, and security brought the tore! 
r life-work is never so complete that ence bac to bright illumn 
t could not receive a broader interpreta ward the end of the eighteent] 


tion by posterity owing to the existence and the beginning of the nineteent cel 
more refined methods of investigation tury we meet with men like John I 

nd more penetrating historic knowledge. — ter, Priestley and Hutten, and at the b 
Seeondiv, the attitude of the human’ ginning of the nineteenth cent 

mind is continually changing; being in English nation is blessed by Cavendis 


fluenced mainly by environment and Davey, Wollaston, Brewster, Hersel 


eredity. The mind of any special gen Robert Brown, Dalton, Farad Murel 
eration is not identical with the mind of ison. John Hunter. the anatomist and 
ny other generation as regards its con surgeon, was born in Kilbridge, Scotland 
ception and viewpoint of any particular but lived for the longest time in Ey ne 


scientific phase. Furthermore, different itself. His parents belonged to the Prot 


ndividuals hold the Same event or proe estant fait and DOs ssed Ss] 
ss In their minds in different perspec- estate in Seotland, I 
tives, and the net outeome of the view permitted by the editor 
point of later generations is the result of to trace any effect of ir 
sion and compromise between many upon a study of his persor 
ferent views interested in these questions 
These are the obvious reasons why his to chapter 5, p. 121 i] 
ry and biographies will have to be ‘‘Master Minds in I 
written and rewritten by every new gen chapter is entitled ‘* T t 2 
ration: their environment and neces tion of Great Men in Mes 1] 
Sal ly their conceptions are different Within the compass f this 
m ours or those of John Hunter best plan to pursue Is 
mporda mutantur et nos mutamur in abstractine man} his most 
tributions to medicin 


John Hunter, the illustrious English to leave it to the reader to 
rgeon, anatomist, zoologist and phy Sl ception of the colossa ! 
ist, lived at a time (1728 to 1793 tration and conservative 


en a great revolution which proved ment of this surgeon and nato nist 
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JOHN HUNTER 


728-1793 








end ol the elghteenth Cell 
innouneced a theory ol the origin 


e uleer and perforation, attrib 





em TO @rosions by the acid vrastric 


Although based upon the author 
Spallanzani it lost ground later on 
present day there can be no doubt 
view ol specialists concedes at 
partial correctness to the view of 


In 721 J Hunter 


that in scrotal hernia the 


demon 


prot l 
preceded the 
that 


. of the peritoneum 


and argued 


the gonad, 


t 
~ ol 


‘itoneum must be pushed ahead ot 
testinal loops in congenital scrotal 
Hall r 1} 
Hunter was one of the first 
the 


Dentistry should be grat 


confirming the great 


s view 
state that gastric juice had an 
i reaction. 
a condition 


to him because he made 


a non that the pulp must be con 


teeth are to be filled 


lv removed if 
s cessfully Ile also made experiments 
with suceess, to straighten and regu 
eth that were in an abnormal pos! 
His work for dental science alone 
iwht to attract the 
1771 


investigation 


Investigation of se} 
In 1773 he pub 
coneerning the 
In 1780 he 
id written several contributions to sur 
the 
had 
racticed viviseetion and experiments on 
nimals He the 


nflaammation to a reorganizing 


ntific dentists 
lished an 
ectrical organ of Torpedo 
ry which broadened science in 


ery direction lle extensively 


ascribed processes of 

and re 
nstructive influence of the body. He 

vas the first to deseribe phlebitis (in 

flammation of the 178) he 
} 


ide one of the most epoch-making dis 


veins). In 


‘overlies to surgery, namely, that of col 
When an 
ited or obstructed. the blood is foreed 


teral circulation. artery 1s 
greater pressure and greater quan 
nto the side branches of the closed 
ry, and it eventually reaches by col 
the 
d properly have been supplied by 
obstructed this he 


aneurysm by 


al passages same parts which 






Upon 


vessel 





ded his treatment of 
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proximal ligature some dist 
aneurvsn l'p to 

septic surgery this ren 

ng and most favorit thn \ ft 
that excision of ft aneurvs 

pation cal nte In 178 


Hunter published his epo 
entitled A Treatis m \ 1) 


eases sid The aden? 

pmrolle and Tihs 1? ) < 
doubted by Ri ra . . 
enough the most r 

loa) nrilant . . ; D nd 

aepenade a rhe che 

chaetes ag eonfhirn 1] t; | 174 
he published in cor net 


“On the Nature of Bloe 
and Gun-shot Wounds 


fundamentais tor thy ! rst 
the healine pr SS In sé read rts 
THIS PD hy] } | 

I 
less WaV ol nite stv 
of bandages of strips of plast 
possible, and prefer s tos 
vith stitehes nn ( 


Tist l aq lohy I] ntel 

da Vin ! order 1 ‘ st? 
astonishing erudition un 
knowledge in the histor 


this eminent 


ing of Leonardo, IHlunter expresses 
self as follows **T consider Leona 
da Vinel as th best natol S ad} 
ologist of his tin Hlis t hat 

the teacher that Hunter 1 . 


was Mareo Antonio della Tor vere tl 


first to know how to are 


a study of anatomy **  Tlunter beear 
member of the Paris A¢ lel s 
ences In 1782 at a tin vhen onh 
other Englishmen were members 

He possessed all the qualifieations for th 
making of a great man that Alphons 
de Candolle (1911) lists u s ** Hist 


of the Sei and Scientists 


neces 


lwo Hundre 


Last 
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THE MARINE BIOLOGICAL LABORATORY 


Tue Marine Biological Laboratory 


traces its origin from the establishment 
of the ‘‘ Anderson School of Natural His 


tory’’ on the island of Penikese by Louis 
Agassiz in 1873; Agassiz died in the 
winter of that vear, and the school was 


following summer under 
of Alexander 


Agassiz, but was then abandoned. 


the 
direction 


continued 


the his son, 
Krom 
1880 to 1886 a seaside laboratory was 
at Massachu 
under the direction of Alpheus 
Hyatt, a student of Agassiz, the 


Woman’s Edueation Association of Bos 


maintained Annisquam, 


tts. 


ws 


by 


ton 
ety of Natural Histor 


in cooperation with the Boston So 


The 


present 


organization was established and incor 
porated in 1888 as the result of an effort 
made by the geroup interested in the 


Annisquam Laboratory to secure an In 


dependent and broader foundation A 
site was selected at Woods Hole and a 
plain wooden building. now the south 


lng of 


Was erected here and opened for work 


large wooden laboratory, 


our 
on July 17, 1888. 
The Marine Biological Laboratory was 


arny , 


its name and location on the sea 


shore . 


tion 


because 


the 


t 
al 


is rer 
8B Pet if 


ia = 


the time ot 


value of 


the 


life 


as material for the study 


( 


problems was beginning to be 


ognized after some 


ful 


actly 1t\ 


on 


Zoological Station 


the ady 


t 


antages 


fifteen vears ol 


the 


part 
The 


e derived 


; 


Ol 


study of marine material hav 


to 


The | 


greatest 


advancement of 


say, 


ite ot 


hee ll 
the 


“HSN 


, 


exceeded 


ocean hi 


biological 


In) 


iS 


t in the contribut 


here But this asset places 
tions on the use of the othe 
materials, and in addition 
whatever sourees of supp 
INSTITUTIONS Use 

The \larine Biological 
a research institution; all 
and facilities are provided to 
tasks of the’ investigators 
officers to eonduect the busi 
Institution, men to man tl 
nets and other apparatus wit 
produce of the sea is collect 
design and keep in order tl 


apparatus and 








equipment 


thy 


exp etal 


port 





Napl 


Trom 


LOoTisS 


i) 
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their use; vet others to ensure a con- 
tinuous supply of sea-water to rooms and 
aquaria, to keep our complicated electri- 
eal system in order and attend to other 
mechanical needs; a department to house 
and feed the workers; a department to 
care for buildings and grounds; a li- 
brary personnel and a library that we 
aim to make the best possible source of 
reference in its field. All these persons 
and facilities are at the service of the 
investigator. 

Believing that it is no less our fune- 
tion to produce investigators than to 
promote the actual work of investiga- 
tion, the laboratory also offers instrue 
tion to a limited group carefully selected 
from the best students of biology of 
American universities. These are the 
voung people whose presence enlivens 
our proceedings for six weeks in the 
summer. There are also the candidates 
for professional status in biology, about 
seventy in number, graduate students 
beginning investigation or in early 


stages of a career of investigation, com- 


ing from the principal centers of biologi- 


cal investigation in our universities. 
These fortunate students receive the 
benefits of the standards and ideals of re- 
search of many institutions during the 
weeks or months of their work at Woods 
Hole, an advantage to be procured in no 
other way. 

The laboratory is a cooperative or- 
ganization. Its ownership rests in a 
corporation of some 350 members, the 
great majority of whom are professional 
biologists. Its affairs are administered 
by a board of trustees of thirty-five 
members elected by the corporation, 
composed, with but two most valuable 
exceptions, of university professors in 
various fields of biology of some twenty- 
five institutions; detailed administration 
is in the: hands of an exeeutive com- 
mittee of five chosen by the board from 
its own membership. As substantially 
all the members of the Marine Biological 


Laboratory are representative 
capacity or another of Amer 
versities, colleges and research ¢ 
tions, so in practice the laborat 
longs to these institutions: hy 
have extra-territorial privileg 
abiding place; and the contr 
that they make to the support 
laboratory in return for the vari 
of their biological departments 
their recognition of this relat 
In 1924 seventy-two America: 
tions of learning thus contribut 
relationship is usually on 
through the university departm: 
cerned and is continued at thi 
of such departments; but 

the larger institutions it is a 
and continuing one. The sma 
tutions enjoy here the same ad\ 
as larger ones, and thus the 
of their necessarily less adeg 
visions for research at home at 
extent equalized. 

j 


The laboratory IS national in 


; 


There is no sectionalism in its ors 
tion or in its life. It was establis 
New England by New England 
is Strongly supported by the inst 
of this part of the country; but 
less strongly supported by thi 
tions of other eastern states; and 
in proportion to cultural and geog 
eal conditions by more remote st 
the Union. Twenty-seven of the s 
two cooperating institutions ot 
lie west of the Alleghenies 
eight states of the Union were 
sented by the workers, and the fo 
countries—Brazil, Canada, Chn 
gland, Holland, Hungary, Japa 
land, Sweden. The laboratory ! 
deed numerous other internat 
connections and extends its welco 
all qualified investigators of w 
nation. 

The laboratory also represent 
fields of biology; it is not contro 


any one biological sect, neither bi 
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winians or Lamarekians, by vitalists or 
mechanists, by zoologists or botanists, by 
morphologists or physiologists. It aims 
to provide suitable facilities for all kinds 
ot 


gram of its own for the development of 


biological work. It thus has no pro 
even several directions ot biolog- 
the 
its member 


one or 


investigation, save in broadest 


As it 


ship, so also is it catholic in its interests. 


ical 


sense is catholic in 
This poliey keeps it abreast of scientific 
interests; it ensures the use of means and 
equipment for the most promising prob- 
it provides for a con- 


lems of the time: 


stant renewal of strength. 


THE HALL 


Tue Hall of Fame, for the immortal- 
ization of great Americans and the goal 
of Yankee, is paying 
due homage to science. When in March, 
1900, a gift of $100,000, later increased 
to $250,000, was made to New York Uni- 


every distinctive 


versity, it was established that the money 
should be used in building a colonnade, 
feet University 


looking towards the 


five hundred long, on 
Heights. 


and the Hudson and Harlem River Val- 


Palisades 
leys. The substructure was to be used 
forever as ‘‘ The Hall of Fame for Great 
Americans.’ 
To end 
panels were planned, to be of a size two 


this one hundred and _ fifty 


by eight feet and to bear inscribed me- 


to act 
Fifty in- 


morial tablets of bronze and as 
pedestals for the bronze busts. 
scriptions were to be made in 1900, pro- 
vided fifty names should be approved by 
the judges and at the close of every five 
vears to follow another five names were 
to go down in The Senate of 
New York University, whose vote was 
final should or 
were confronted 


bronze. 


whether a 
be elected. 
thousand 


on person 


should not 
nomina- 


well- 


than one 
tions by the hundred 
known citizens throughout the country. 


At that time only twenty-nine received a 


with more 


electors. 


majority of votes. 
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As part of this polies th 
avoids salaried appointments « 
entific staff, excepting those con 
the 


small emoluments 


oft instruction, wl 
The laborat 
Into competition 
Volunt 


depart) 


COLTSeS 


does not enter 
versities for personnel, 


ership in the various 


biology within the institution has 
most devoted, sufficiently cont 
all matters of scientifie policy 
flexible enough to avoid unprofit 
cialization of the uses and of t! 


of the laboratory. 


OF FAME 
The 


as can be seen in this report 


rules were not closely 
five names were added, in 1910, « 
1915, eight, and in 1920, six, n 
all, up to 1921, a total of fifty-siy 
Meanwhile seven n 
women had been chosen. Had 
the five 


held, seventy would ha 


inseribed. 


quota been reached in 
already 
elected, and therefore, allowing 
the 1925 
twelve names. However, only 
that election. Thus t! 
number of tablets is now sixty-fi 
Of course the Hall of Fame has 


stitution, one which ean be 


seven women, quota for 


chosen at 


amen 


readily our national one, 


as 


has undergone some drastic « 
Whereas, in the original Magna ( 
no foreign-born citizen was elig 
unfair diseriminati 
In 1922, 


gin of time after death at whic 


election, this 


been wiped out. also, t! 
son becomes eligible was extends 
ten to twenty-five vears. 
the 

the electorate of 


union 
the 
The number is 1 


Every state in 


sented in 
Fame to-day. 
as that with which it started—on 
dred persons, elected by the Ser 
the the pre 
each quinquennial vear, in fairl) 


university in year 


from various groups 0! 


numbers 
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SAMUEL FINLEY BREESE MORSI 

1791-1872 

AND INVENTOR IN 1832 MORSE REMARKED, ** 
VISIBLE IN ANY PART OF THE CIRCUIT, I 
'TED BY ELECTRICITY.’’ IN 1836 HE 


ICAL ELECTROMAGNET 
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zenry, including authors, editors and 
artists, presidents of universities and 
colleges, jurists, high public officials and 
women of affairs. As an added precau- 
tion of fairness, no person connected 
with New York University is eligible as 
an elector. 

‘The public be served’’ might well be 
the motto of the institution. It is their 
vote which finally places the deserving 
ones in the position of greatest honor. 
Robert Underwood Johnson, director of 
the Hall of Fame, receives names from 
February 1 to March 15 of the year of 
quinquennial election, from all who are 
interested These are in turn placed be- 
fore the Senate. Before Dr. Johnson’s 
election in 1919, Dr. Henry Mitchell 
MeCracken, who originated the idea of 
the Hall of Fame, was director. 

We have said that due homage is be- 
Ing paid to science, It is gratifying to 
the scientific world to know that ten 


scientists have been elected. The im- 


mortalized include Pete 


r 


James Audubon, Asa Gray, Li 
siz, Joseph Henry, Maria Mite 
B. M 


ert Fulton, Samuel F. 
Whitney and Elias How 
At the most reeent 


e 


ul 


\ 
ive l 


C1Ses. held on May 10. busts r 


scientists, Louis Agassiz and S 


b. Morse, were dedicated 

bust, the work of Anna Vaug! 
was the gift of the Americar 
tion for the Advancement of 


and of an admirer oft 


the 


George Agassiz, a gerandso 


famous man, unveiled the stat 


A granddaughter of 


NaF 


Line 


Breese Morse, Miss Leila L, 


Morse, unveiled the bust of th: 


It Was modeled by (Cheste? 
Richard E. Enright, forme: 
sioner of police of the city ot N 


and chairman of the 


Mc 


rst 


Fame Memorial Committee, n 


presentation. 
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